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EXECUTIVE SUMMARY 
Degradation and aggradation of  t h e  Missouri River,  which have given 
r i s e  t o  a  v a r i e t y  o f  problems of concern t o  r i p a r i a n  proper ty  owners, 
i n d u s t r i a l  and o the r  water users ,  and f i s h  and w i l d l i f e  i n t e r e s t s ,  were 
t h e  sub jec t  o f  a  three-day workshop he ld  i n  Omaha, Nebraska, on 23-25 
January 1978. Workshop p a r t i c i p a n t s  included some o f  t h e  n a t i o n ' s  leading  
r iver -engineer ing  s p e c i a l i s t s ;  r e p r e s e n t a t i v e s  of  s t a t e  and f e d e r a l  agencies  
involved i n  water-resource management and f i s h  and w i l d l i f e  conserva t ion  
in t h e  Missouri River Basin; and r e p r e s e n t a t i v e s  of  some nongovernmental 
o rgan iza t ions .  The ob jec t ives  of  t h e  ~vorkshop were t o  examine, and de- 
l i n e a t e  t h e  i n v e s t i g a t i o n s  requi red  t o  e l u c i d a t e  t h e  fol lowing fou r  
f a c e t s  of  t h e  degradat ion/aggradat ion problem: (1) background and h i s t o r y ;  
( 2 )  con t r ibu t ing  f a c t o r s ;  (3) l i k e l y  f u t u r e  r a t e  and extent ;  and (4) pos- 
s i b l e  c o r r e c t i v e  measures. 
Many f a c t o r s ,  both man-made and n a t u r a l ,  have cont r ibuted  t o  t h e  i m -  
balances between t h e  supply of  sediment t o  and t h e  sediment t r a n s p o r t  capa- 
c i t y  of  t h e  Missouri River ,  which i n  tu rn  have l ed  t o  t h e  degradat ion/aggra-  
da t ion  being experienced along d i f f e r e n t  River reaches.  The Elissouri River 
and i t s  t r i b u t a r i e s  c l e a r l y  c o n s t i t u t e  a  complex, in te rconnected  dynamic 
system which should be t r e a t e d  a s  a  whole, and managed f o r  t h e  j o i n t  op- 
t imiza t ion  of a l l  the  va r ious  r i v e r  management o b j e c t i v e s ,  with o f f i c i a l  recog- 
n i t i o n o f t h e  newer ob jec t ives  of enhancement of f i s h  and w i l d l i f e  h a b i t a t ,  water- 
q u a l i t y  improvement, and provis ion  of  r e c r e a t i o n a l  oppor tun i t i e s ,  a s  wel l  
as  of t h e  t r a d i t i o n a l  ones r e l a t e d  t o  f lood c o n t r o l ,  naviga t ion ,  h y d r o e l e c t i r c  
power genera t ion ,  bank s t a b i l i t y ,  and land reclamation.  To achieve t h i s  
end, a broader  approach t o  t h e  planning and decision-making process  i s  
needed f o r  both t echn ica l  and admin i s t r a t ive  m a t t e r s  r e l a t i n g  t o  t h e  manage- 
ment of  t h e  Missouri River system. This  approach should inc lude  input  from 
and a c t i v e  p a r t i c i p a t i o n  by a l l  e n t i t i e s  having r e s p o n s i b i l i t i e s  t h a t  r e l a t e  
t o  t h e  River.  
The recommended i n v e s t i g a t i o n s  a r e  grouped i n t o  t h r e e  phases. Phase I 
would c o n s i s t  p r imar i ly  of  assembling t h e  r e l e v a n t  background information 
and d a t a  i n  a r e a d i l y  a c c e s s i b l e  and u s a b l e  form, eva lua t ing  t h e  app l i ca -  
b i l i t y  o f  t h e  a v a i l a b l e  a n a l y t i c a l  t o o l s  f o r  p r e d i c t i o n  of  r i v e r  behavior ,  
and preparing d e t a i l e d  scopes o f  work f o r  Phases I1 and 111. Phase I1 
would f e a t u r e  a  combination of i n t e r p r e t i v e ,  a n a l y t i c a l ,  and experimental 
s t u d i e s ,  u t i l i z i n g  e x i s t i n g  geomorphic da ta ,  mathematical and phys ica l  
modeling of r i v e r  processes,  and t h e  acqu i s i t ion  and ana lys i s  o f  new d a t a  
r e l a t i n g  t o  degradation and aggradation i n  t h e  r i v e r  system. I n s t i t u t i o n -  $ 
a1 h i s t o r y  and models f o r  a  more comprehensive river-management program 
," 
would a l s o  be examined and evaluated.  Phase I11 would c o n s i s t  mainly of 
p i l o t  s t u d i e s  along se l ec ted  reaches of t h e  Missouri River and i t s  t r i b u -  
t a r i e s ,  t o  t e s t  and v e r i f y  co r rec t ive  measures designed i n  Phase 11, and 
t h e  formulat ion and development of comprehensive prognoses f o r  f u t u r e  r i v e r  
behavior under a l t e r n a t i v e  s e t s  of inputs ,  co r rec t ive  measures, and con- 
s t r a i n t s .  
I t  was concluded by t h e  Workshop p a r t i c i p a n t s  t h a t  t h e  f u t u r e  success 
of Missouri River management would be enhanced by organiza t ion  and opera- 
t i o n  o f  a  coordinat ing e f f o r t ,  perhaps modeled a f t e r  t h e  GREAT programs 
on t h e  Miss iss ippi  River,  which would provide f o r  a c t i v e  p a r t i c i p a t i o n  by 
a l l  a f f ec ted  concerns i n  t h e  decision-making process r e l a t e d  t o  study, modi- 
f i c a t i o n ,  and management of the  River.  
DEGRADATION AND AGGRADATION OF THE MISSOURI RIVER 
Proceedings o f  a  Workshop Held i n  Omaha, Nebraska 
23-25 January 1978 
I .  INTRODUCTION 
Since about 1960 the re  has been progress ive  degradat ion (low- 
er ing  i n  e levat ion)  of t h e  channel bed and water sur face  along t h e  reach  
of t h e  Missouri River extending from Gavins Point  Dam, near  Yankton, South 
Dakota, t o  t h e  mouth of t h e  P l a t t e  River, about 25 mi les  south o f  Omaha, 
Nebraska. By t h e  mid ' 7 0 ' s  t h e  degradat ion ranged from about 8 f t  j u s t  
south of Gavins Point Dam, t o  about 6  f t  a t  Sioux Ci ty ,  Iowa, t o  essen- 
t i a l l y  zero a t  Omaha and southward t o  t h e  P l a t t e  River.  Simultaneously, 
along t h e  r i v e r  reach from t h e  Plat te-Missouri  confluence t o  t h e  mouth of 
the  Missouri River a t  S t .  Louis, t h e r e  have been l e s s e r  amounts of aggra- 
dat ion ( r a i s i n g  i n  e l eva t ion )  along some s t r e t c h e s  and degradat ion i n  
o thers .  The degradat ion,  and t o  a  l e s s e r  extent  t h e  aggradat ion,  have :I Nl . 
~- ~ ~~ ~~ 
~ ~ ~~~ 
~ ~.~ ~~ ~ 
given r i s e  t o  a  v a r i e t y  o f  ~ r o b l e m s ,  including t o  t h e  s t a b i l i t y  of !I - 
- - 
- .  
barious constructed works t h a t  a r e  founded on t h e  r i v e r  bed; d i f f l c u l t l e s  
take s t r u c t u r e s  during 
f i s h  a n & ' b i l d l i f e  h a b i t a t s  
and r e c r e a t i o n a l  resources ;  headcutt ing i n  t r i b u t a r y  streams; and changes i n  
property boundaries and ownership. Consequently, t h e r e  has been s t e a d i l y  
increas ing  concern among a f fec ted  t r anspor t a t ion  i n t e r e s t s ,  r i p a r i a n  prop- 
e r t y  owners, water-using i n d u s t r i e s  and munic ipa l i t i e s  along t h e  r i v e r  and 
i t s  t r i b u t a r i e s ,  f i s h -  and wildlife-management organiza t ions ,  and var ious  
s t a t e  and f e d e r a l  agencies about t h e  l i k e l y  f u t u r e  r a t e  and ex ten t  of t h e  
degradation and aggradat ion,  and about what s t e p s  might be taken t o  s t a b i l i z e  
the  r i v e r  p r o f i l e .  
The p r i n c i p a l  flow regu la t ion  and channel s t a b i l i z a t i o n  s t r u c -  
t u r e s  on t h e  Missouri River,  which were i n s t a l l e d  by t h e  Army Corps o f  Engi- 
neers  between 1930 and 1965, had a s  t h e i r  main ob jec t ives  f lood con t ro l ,  bank 
s t a b i l i z a t i o n ,  land reclamation, hydroe lec t r i c  power generat ion,  and develop- 
ment and maintenance o f  a  navigation-channel. Recent years  have witnessed a  
growth i n  demand f o r  t h e  adoption o f  add i t iona l  river-management ob jec t ives ,  
! 
including enhancement o r  replacement of f i s h  and w i l d l i f e  h a b i t a t ,  water -qual i ty  
improvement, f u r t h e r  development o r  r e s t o r a t i o n  of r e c r e a t i o n a l  oppor tun i t i e s ,  
and general management and enhancement of  t h e  r i v e r - a f f e c t e d  a spec t s  of t h e  
environment. Unfortunately,  some o f  t h e  newer o b j e c t i v e s  a r e  adverse ly  i m -  
pacted by t h e  flow r e g u l a t i o n  and channel s t a b i l i z a t i o n  measures which were 
i n s t a l l e d  t o  a t t a i n  t h e  o r i g i n a l  ob jec t ives .  I t  i s  p r e c i s e l y  t h i s  c o n f l i c t  
which has led  many s t a t e  and f ede ra l  agencies t o  express  heightened concern for 
and i n t e r e s t  i n ,  i n f luenc ing  plans f o r  t h e  f u t u r e  management of  t h e  Missouri 
River,  including measures which might be adopted t o  con t ro l  o r  accomodate 
t h e  degradat ion/aggradat ion phenomenon. These concerns l e d  t h e  S t a t e  of  
Iowa t o  make a s p e c i a l  appropr ia t ion  t o  t h e  Iowa Conservation Commission 
(ICC) t o  enable it t o  seek answers and r e so lu t ions  t o  ques t ions  and prob- 
lems being r a i s e d  by t h e  degradation/aggradation. With t h e  a s s i s t a n c e  of 
t h e  Iowa I n s t i t u t e  of  Hydraulic Research (IIHR) of The Unive r s i ty  of Iowa and 
t h e  Omaha D i s t r i c t  of t h e  U.S. Army Corps of Engineers,  t h e  ICC s taged  a 
three-day workshop, on degradat ion and aggradat ion of t h e  Missouri  River,  on 
23-25 January 1978 a t  t h e  o f f i c e s  of t h e  Corps of  Engineers Omaha D i s t r i c t .  
Corps personnel p a r t i c i p a t e d  i n  t h e  Workshop only a s  resource  people,  and 
a re  not  a  p a r t y  t o  t h i s  r e p o r t  o r  i t s  conclusions. The workshop p a r t i c i p a n t s  
included some of  t h e  n a t i o n ' s  leading  r iver -engineer ing  s p e c i a l i s t s ;  repre-  
s en ta t ives  of s t a t e  and f e d e r a l  agencies  involved i n  water-resource manage- 
ment and f i s h  and w i l d l i f e  conservat ion i n  t h e  Missouri River Basin; and 
r ep resen ta t ives  o f  some nongovernmental organiza t ions .  The o b j e c t i v e s  of 
t h e  workshop were t o  examine, and d e l i n e a t e  t h e  s t u d i e s  r equ i red  t o  e l u c i -  
date,  t h e  fol lowing f o u r  f a c e t s  of  t h e  degradat ion/aggradat ion mat te r :  
1. Background and h i s t o r y .  
2 .  Cont r ibut ing  f a c t o r s .  
3 .  Likely f u t u r e  r a t e  and extent .  
4.  Poss ib l e  c o r r e c t i v e  measures. 
TO t h i s  end, t h e  p a r t i c i p a n t s  were organized i n t o  f o u r  subgroups, each of 
prepared a  r e p o r t ;  t h e  e d i t e d  subgroup r e p o r t s  c o n s t i t u t e  Chapters I 1  
through V of  t h e s e  proceedings. Chapter VI p resen t s  a  t o p i c a l  p lan  of  s tudy,  
developed from t h e  subgroup r e p o r t s ,  designed t o  e s t a b l i s h  d e f i n i t i v e l y  
causes o f  t h e  degradat ion/aggradat ion and kindred phenomena; and t o  lead 
t o  development of  prognosis  of  i ts  l i k e l y  f u t u r e  course  and a p l an  f o r  pos- 
s i b l e  c o r r e c t i v e  measures. I t  i s  be l ieved  t h a t  t h e  i n v e s t i g a t i o n s  ou t l ined  
i n  Chapter VI, i f  financed and c a r r i e d  out ,  would r e so lve  many of t h e  con- 
cerns  about the  River,  not only f o r  Iowa-based groups but  a l s o  f o r  those  
i n  o the r  Missouri River Basin s t a t e s  downstream from Gavins Point Dam. 
Although t h e  p r inc ipa l  concern of Iowa i s  t h e  r i v e r  degradat ion 
along much of i t s  western boundary, it i s  recognized t h a t  any s o l u t i o n s  
which might be adopted t h e r e  l i k e l y  would have impacts on neighboring 
s t a t e s .  The unimpounded reach of t h e  River from Gavins Point  Dam t o  S t .  
Louis and i t s  t r i b u t a r i e s  must be d e a l t  with as  an interconnected system, 
and not  on a segmented b a s i s .  Indeed, it is bel ieved t h a t  segmentation 
of e f f o r t ,  both f u n c t i o n a l l y  and geographical ly,  has compounded t h e  problems 
a r i s i n g  from river-management a c t i v i t i e s .  The laws of r i v e r  dynamics 
recognize ne i the r  geographical boundaries nor t h e  d iv i s ion  of r e s p o n s i b i l i -  
t i e s  among agencies.  
Throughout the  course of t h e  workshop one theme was so  r e c u r r e n t  and 
dominant t h a t  it appears i n  order  t o  record it here :  Iowa, as  wel l  a s  the  o the r  
a f fec ted  s t a t e s ,  d e s i r e  a much more a c t i v e  r o l e  i n  the  decision-making and plan- 
ning processes r e l a t e d  t o  management of t h e  Missouri River. The broadened 
ob jec t ives  of r i v e r  management r e f e r r e d  t o  above r e q u i r e  inputs  from groups 
and organizat ions which he re to fo re  have not p a r t i c i p a t e d  i n  planning f o r  
t h e  management and f u t u r e  development o f  t h e  River.  I t  appears s e l f - e v i d e n t  
t h a t  t h e  p r o b a b i l i t y  of achieving optimal j o i n t  use  of t h i s  va luable  resource 
would be s i g n i f i c a n t l y  enhanced by a c o l l e c t i v e  planning and decision-making 
process, f o r  both t echn ica l  and admin i s t r a t ive  a spec t s ,  t h a t  would include 
a c t i v e  p a r t i c i p a t i o n  by rep resen ta t ives  from a l l  e n t i t i e s  having respons i -  
b i l i t i e s  t h a t  r e l a t e  t o  t h e  River. A successfu l  e f f o r t  would r e q u i r e  ex- 
t ens ive  communication among t h e  va r ious  groups and an a t t i t u d e  of r ecep t ive -  
ness on t h e  p a r t  o f  t h e  Corps of Engineers,  which l i k e l y  w i l l  cont inue  t o  
ca r ry  primary r e s p o n s i b i l i t y  f o r  managing t h e  River.  The cooperat ive s p i r i t  
demonstrated by t h e  Corps i n  t h e  course of t h i s  workshop, and t h e  apparent 
success of t h e  GREAT Programs on t h e  Miss iss ippi  River (which might serve  a s  
models f o r  f u t u r e  management of t h e  Missouri River) ,  suggest t h a t  these  goals  
a re  a t t a i n a b l e .  In  summary, Iowa, and pr~esumably a l s o  t h e  o the r  a f fec ted  
s t a t e s ,  no longer a r e  s a t i s f i e d  with t h e  t r a d i t i o n a l  review r o l e  o f fe red  
them by fede ra l  agencies.  They a c t i v e l y  a r e  seekinga p a r t i c i p a t o r y  r o l e .  
11. BACKGROLh'D AND HISTORY OF DEGRADATION AND 
AGGRAD.4TION IN THE MISSOURI RIVER 
Report o f  Subgroup 1 
A. In t roduct ion .  The Missouri River a s  it now e x i s t s  i s  t h e  
r e s u l t  of  ex tens ive ,  mandated r e g u l a t i o n  and s t a b i l i z a t i o n  works which 
were designed and cons t ruc ted  t o  meet t h e  h i s t o r i c  o b j e c t i v e s  of  r i v e r  
management: bank s t a b i l i z a t i o n ,  f lood c o n t r o l ,  land rec lamat ion ,  power 
generat ion,  and formation and maintenance of  a  navigat ion-channel  . In- 
s t a l l a t i o n  of  t h e s e  works was ordered by t h e  Congress of  t h e  United S t a t e s ,  
s t a r t i n g  i n  t h e  1930 ' s .  By any r e a  
very successfu l  ' hese  h i s t o r .  
~ ~ 
b e n e f i t s  have on and opera t ion  of  t h e  con t ro l s ,  
o r  improvements over 
ive r -con t ro l  works a l s o  
have caused o t h e r  problems, which now must be addressed.  The r ecen t  em- 
phas i s  placed on r e c r e a t i o n  and environmental conservat ion a s  high p r i o r i t y  
ob jec t ives  of  r i v e r  management needs t o  be reconci led  with t h e  t r a d i t i o n a l  
ob jec t ives ,  t o  develop a  more comprel~ensive approach t o  r i v e r  planning: 
management, and u t i l i z a t i o n .  
The o b j e c t i v e s  of t h i s  review of  t h e  background h i s t o r y  of de- 
gradat ion  and aggradat ion on t h e  Missouri River a r e :  
1. To determine t h e  n a t u r a l  changes i n  t h e  Missouri River channel,  
f lood  p l a i n ,  a l l u v i a l  v a l l e y ,  and t r i b u t a r i e s ;  and man's e f -  
f e c t s  on these  changes. 
2 .  To use  h i s t o r i c a l  records  t o  determine how t h e  works of  man 
have a f f e c t e d  t h e  behavior o f  t h e  River,  and a s  a guide t o  t h e  
p r e d i c t i o n  of f u t u r e  t r ends  
B .  A Br ief  Summary o f  Missouri River Hi s to ry  and Data. This  
b r i e f  review i s  not  intended t o  be  a  complete d e t a i l e d  summary of  t h e  phy- 
s i c a l  h i s t o r y  of  t h e  Missouri River ,  o r  of  t h e  d a t a  a v a i l a b l e  on it. I t  i s  
presented only t o  o u t l i n e  t h e  p r i n c i p a l  even t s ,  knowledge of  which i s  essen- 
t i a l  t o  understanding o f  t h e  p resen t  River s i t u a t i o n  and t o  p r e d i c t i o n  of 
l i k e l y  f u t u r e  t r ends .  The da ta  a r e  presented with l i t t l e  o r  no i n t e r p r e -  
t a t i o n ,  and a r e  used only t o  i l l u s t r a t e  t rends  and magnitudes of behaviora l  
changes t h a t  have occurred i n  t h e  River. Indeed, it was judged imprac t i ca l  
t o  at tempt any s u b s t a n t i a l  amount of d a t a  a n a l y s i s  within t h e  scope 
of t h i s  lllorkshop. However, it should be emphasized t h a t  a  comprehensive 
d a t a  a n a l y s i s  and i n t e r p r e t a t i o n  program i s  considered t o  be e s s e n t i a l  
t o  a  complete understanding of  t h e  present  and l i k e l y  f u t u r e  River behavior .  
The following capsule  summary i s  d iv ided  i n t o  time spans which 
c h a r a c t e r i z e  sequent ia l  s t ages  i n  t h e  development of  t h e  River.  
2804-2890. Although some l o c a l ,  s t r u c t u r a l  f low-control  works were 
i n s t a l l e d  i n  t h e  18801s,  t h e  River was genera l ly  i n  i t s  n a t u r a l  
condit ion.  Physical evidence and h i s t o r i c a l  documents i n d i c a t e  
(Dahl 1961) t h a t :  
1. The e n t i r e  River ad jacent  t o  Iowa was undergoing n a t u r a l  de- 
gradat ion ,  r e s u l t i n g  i n  entrenchment below what i s  commonly 
c a l l e d  t h e  "high bank". In  some a reas  t h e  r e s u l t s  of  up 
t o  15 f t  of degradat ion s t i l l  can be observed i n  t h e  f i e l d .  
2 .  There i s  cons iderable  evidence ind ica t ing  t h a t  t h e  River  
channel evolved from a  more c l e a r l y  defined meandering p a t -  
t e r n  t o  one with many b i fu rca t ed  and braided reaches.  I t  
i s  not completely c l e a r  what impact t h e  f lood-of-record i n  
1881 had on t h e  geomorphic h i s t o r y .  Here it should be noted 
t h a t  major f loods  gene ra l ly  tend t o  s t r a i g h t e n  r i v e r s  and 
shorten t h e  channel length  f o r  some per iod  following t h e  
f lood.  The t ime requi red  f o r  a  r i v e r  t o  recover  from a  major 
f lood and r e e s t a b l i s h  a  channel conf igura t ion  c h a r a c t e r i s t i c  
of  normal flows depends on many parameters .  
3 .  During t h i s  t ime a  s i g n i f i c a n t  reduct ion  i n  channel l eng th  
occurred due t o  n a t u r a l  causes  along t h e  reach from Ponca 
t o  t h e  mouth of t h e  P l a t t e  River .  This  reach  seemed t o  ex- 
h i b i t  g r e a t e r  s i n u o s i t y  and t o  experience more c u t o f f s  than  
lower reaches.  
4 .  The c h a r a c t e r i s t i c  width of t h e  meander b e l t  along t h e  Iowa 
boundary was approximately 4 mi l e s .  
2890-1930. Addit ional ,  smal l ,  l o c a l ,  s t r u c t u r a l  c o n t r o l s  were i n s t a l l e d ,  
but  t h e  r i v e r  remained i n  e s s e n t i a l l y  i t s  n a t u r a l  condi t ion .  
River channel continued t o  b i f u r c a t e  and bra id  along t h e  Iowa- 
boundary reach.  Detai led Corps mapping and monitoring began i n  
1923. 
2930-1942, A per iod  of major channel realignment.  Closure of Fort  
Peck Dam i n i t i a t e d  period of River flow cont ro l .  There was a 
general  r i s e  i n  s t age  r e l a t i v e  t o  discharge,  followed by t h e  be- 
ginning of a dec l ine  i n  s t age  r e l a t i v e  t o  d ischarge  i n  t h e  reach  
upstream from Omaha. Stage-discharge changes might have occurred 
i n  response t o  changes i n  channel conf igura t ion ,  low flows ac- 
companying t h e  drought of the  1930's ,  o r  o ther  causes.  During 
t h e  per iod  1890-1941 t h e  r i v e r  length from i t s  mouth t o  Yankton 
decreased by about 56.9 miles;  of t h i s ,  29.5 mi le s ,  o r  52 percent ,  
occurred between Omaha and Yankton, a reach which cons t i tu t ed  only 
25 percent  of t h e  t o t a l  1890 length from t h e  mouth t o  Yankton. 
Several  braided reaches were channelized i n t o  a s i n g l e  sinuous 
channel,  f i n a l l y  r e s u l t i n g  i n  t h e  1941 des ign  channel.  
5.941-2953. During 1W I1 p r a c t i c a l l y  no cons t ruc t ion  o r  maintenance 
work was c a r r i e d  out on the  River.  The c losu re  of Fort  Randall 
Dam i n  1953 had a major e f f e c t  on the  sediment d ischarge  o f  t h e  
River .  The dec l ine  i n  s t age  r e l a t i v e  t o  discharge upstream 
from Omaha, r e f e r r e d  t o  above, continued f o r  a time and then 
ceased toward t h e  end of t h i s  period.  The 1952 f lood  (Ilighest 
of modern record;  est imated 1881 f lood i s  considerably higher)  
seve re ly  d i s tu rbed  con t ro l  works i n  t h e  Omaha-Sioux Ci ty  reach.  
Many t r a i n i n g  works were breached, and new channels were establishec 
along s e v e r a l  reaches.  Following t h e  1952 f lood,  a r a d i c a l  drop 
i n  t h e  s tage-discharge r e l a t i o n  was observed a t  Sioux City,  and a 
somewhat sma l l e r  drop occurred a t  Omaha. 
2953-Z967. During t h e  13-year per iod  beginning i n  1954, many major 
con t ro l  works were cons t ruc ted  along t h e  River; l i t e r a l l y  thous- 
ands o f  s t r u c t u r e s  were i n s t a l l e d  o r  modified. Five major dams 
iwere completed and c losed  during t h i s  period:  For t  Randall i n 1 9 5 3 ,  
i ~ a r r l s o n  i n  1955, Gavlns Point  i n  1955; Oahe i n  1962, and Big 
I Bend i n  1964. During t h i s  time the  channel length  between Sioux 
Ci ty  and Omaha was a r t i f i c i a l l y  reduced by 11.7 mi le s .  The channel 
shor ten ings  between Omaha and Sioux City,  and between Omaha 
and Yankton accounted f o r  42 percent  and 53 percent ,  respec-  
t i v e l y ,  o f  t h e  t o t a l  a r t i f i c i a l  decrease i n  channel l e n g t h  be- 
tween Yankton and t h e  mouth. These changes e s t a b l i s h e d  a  r a t h e r  
uniform channel width, which was reduced by 200 f t  t o  400 f t  be- 
low t h a t  of  t h e  previous (1941) channel.  Mean d i scha rges  f o r  
t h e  1955-65 per iod  averaged about 20,000 c f s  a t  Yankton; 22,000 
a t  Sioux Ci ty ;  and 23,000 a t  Omaha. In  1965-67 these  were i n -  
creased by about 20 t o  25 percent .  Following c losu re  o f  t h e  dams, 
t h e  yea r ly  maximum discharges during the  per iod  1954-67 averaged 
37,000 c f s  a t  Yankton; 46,OOOatSiowrCity; and68,OOOcfs a t  Omaha. 
T r i b u t a r i e s  produced s i g n i f i c a n t  flow events a t  Sioux C i t y  and 
Omaha i n  1960 and 1962, r e s p e c t i v e l y .  Euring t h e  1953-67 per iod  
t h e  s tage-d ischarge  r e l a t i o n s  f o r  t h e  r i v e r  i nd ica t e :  (1) a  general 
dec l ine  of  t h e  Gavins Point  Dam t a i l  water; (2) a t  Sioux Ci ty ,  a  
low i n  1953 followed by a  genera l  r i s e  t o  1958, then a per iod  of  
s t a b i l i t y  u n t i l  1963 a f t e r  which t h e  s t age  again began t o  dec l ine ;  
(3) a  s l i g h t  r i s e  a t  Omaha, fol lowing a  low i n  1953; (4) a  " ro t a -  
t ion"  of  t h e  r a t i n g  curve a t  Nebraska City,  with a  d e c l i n e  i n  
s t age  of  20,000 c f s ,  l i t t l e  change a t  40,000 c f s ,  and a  genera l  
r i s e  a t  100,000 c f s ;  (5) a  sharp r i s e  a t  S t .  Joseph i n  1952, f o l -  
lowed by a  s t a b l e  r e l a t i o n s h i p  except a t  high d ischarges  (g rea t e r  
than 100,000 c f s ) ,  f o r  which t h e r e  was a  r i s e ;  (6) a  gene ra l  de- 
c l i n e  a t  Kansas C i ty ,  perhaps a s  a  r e s u l t  of  l o c a l i z e d  e f f e c t s ,  
f o r  discharges below about 100,000 c f s ;  (7) s t a b l e  s tage-d ischarge  
r e l a t i o n s  a t  downstream s t a t i o n s  f o r  low t o  moderate d i scha rges ,  
but a r i s e  (poss ib ly  due t o  l o c a l  obs t ruc t ions  produced by levees  
constructed on t h e  f lood p l a i n )  dur ing  overbank f lows.  
The water-surface s lope  increased  i n  t h e  Sioux C i t y  a rea  from 
1952 t o  1962, and then s t a b i l i z e d .  Between Ponca and Omaha t h e  
s lope increased  from 1952 t o  1957, a f t e r  which it s t a b i l i z e d .  A t  
Sioux C i ty  t h e  r i v e r  v e l o c i t y  ( f o r  a  given s t age )  increased  by 
62 t o  70 percent  between 1954 and 1969, and then l eve led  o f f .  During 
the  1953-67 pe r iod  t h e  average r i v e r - s u r f a c e  width around Sioux C i ty  
was reduced by some 30 percent ;  along t h i s  reach between 1952 and 
1961 t h e r e  was a  general  r i s e  i n  t h e  bed e l eva t ion ,  and reduct ion  
i n  channel c ros s - sec t iona l  a rea .  Af ter  1961 t h e  c ross - sec t iona l  
a rea  again increased,  and t h e  c ross - sec t iona l  shape evolved from 
t h e  t r i a n g u l a r  shape t h a t  t y p i f i e s  a l l u v i a l  channel bends toward 
a  more r ec t angu la r  shape. 
Following t h e  c l o s u r e  of  For t  Randall and Gavins Point  Dams 
i n  1953 and 1955, r e spec t ive ly ,  t h e  sediment d ischarge  of  t h e  
r i v e r  was d r a s t i c a l l y  reduced. A t  Yankton t h e  average suspended 
sediment d ischarge  decreased from an average 138,000,000 tons  per  
year  (pre-1953) t o  1,900,000 tons  per  year  a f t e r  1955. During 
a  per iod  of s e v e r a l  yea r s  following 1955, t h e  suspended load d i s -  
charges a t  Sioux Ci ty  and Omaha averaged about 10,000,000 tons  
per  year  and 29,000,000 tons  per  yea r ,  r e spec t ive ly .  A comparison 
of pre-  and post-1952 d a t a  f o r  Omaha shows t h a t  t h e  f r a c t i o n s  of  
sand, s i l t ,  and c lay  i n  t h e  suspended load changed from 20 percent  
sand, 80 percent  s i l t  and c l a y  before  1952, t o  52 percent  sand, 
48 percent  s i l t  and c l ay  a f t e r  1952. The D5,, bed-material  p a r t i c l e  
s i z e  a t  Yankton increased  u n t i l  about 1957, and then decreased 
slowly from 1957 t o  1967. A t  Sioux C i t y  t h e  D50 bed-material  s i z e  
averaged 0.27 mm f r o m  1955 t o  1961, and then increased  t o  0.30 mm 
from 1961 t o  1967. A t  Omaha, decreases  i n  bed-material  D50 were 
observed, t o  a  1955-67 average va lue  of  about 0.22 mm. 
Z967-Present. During t h i s  pe r iod  engineering a c t i v i t i e s  on t h e  River 
cons is ted  p r imar i ly  o f  maintenance of  previous ly  i n s t a l l e d  con t ro l  
s t r u c t u r e s .  The mean d ischarge  f o r  t h e  1968-74 pe r iod  was 31,700 
c f s  a t  Yankton, 33,600 c f s  a t  Sioux C i ty ,  and 35,500 c f s  a t  Omaha; 
an inc rease  of  52 t o  60 percent  over  t h a t  f o r  1955-65. The maxi- 
mum d ischarges  f o r  t h e  1969-74 per iod  increased  30 t o  50 percent  
above t h e  1963-68 va lues  a t  Yankton and Sioux C i ty ,  but  increased 
only about 5 percent  a t  Omaha. During t h e  per iod  t h a t  t h e  discharges 
increased ,  s tage-d ischarge  r a t i n g  curves began t o  dec l ine  sharp ly  a t  
Gavins Point  and Sioux City. A t  o t h e r  s i t e s  t h e  t r ends  i n  t h e  s tage-  
discharge curves (ou t l ined  above f o r  t h e  1953-67 per iod)  continued. 
t r ends  i n  channel c ros s - sec t iona l  shape and v e l o c i t y  nea r  Sioux 
C i ty  a l s o  continued a s  described above. The suspended sediment 
discharge underwent no s i g n i f i c a n t  changes a t  Yankton o r  Omaha, 
but  increased by some 50 percent ,  over t h e  1955-66 va lues ,  a t  
Sioux Ci ty .  The D50 bed-material p a r t i c l e  s i z e  a t  Sioux Ci ty  i n -  
creased 17 percent  over t h e  1955-62 va lues ,  and about 6 pe rcen t  
over t h e  1962-66 va lues ,  l e v e l i n g  o f f  a t  about 0.32 mm. A t  Omaha 
t h e r e  was a  s l i g h t  (7  percent )  i nc rease  i n  DS0 over t h e  1955-66 
va lues ,  t o  an average of 0.26 mm. 
The r iver -bed  and water-surface degradat ion which began i n  t h e  
e a r l y  1960's  i n  t h e  Sioux C i t y  reach continued well i n t o  t h e  1970's .  The 
d a t a  a r e  inconclusive a s  t o  whether t h e  degradat ion p resen t ly  (1978) is 
continuing,  o r  whether t h e  channel has s t a b i l i z e d .  
S ize  d i s t r i b u t i o n s  of  suspended load a r e  summarized i n  t h e  
fol lowing t a b l e .  
hIISSOURI RIVER SUSPENDED SEDIMENT DATA 
S ize  Gradation 
Location Period Sand% S i l t %  Clay% 
Yankton 1953-69 55% 19% 26% 
Sioux Ci ty  1955-69 68% 22% 9.7% 
Omaha 1939-52 20% 40% 4 0% 
1953-69 52% 35% 13% 
Nebraska C i ty  1957-70 51% 35% 14% 
Figures 11-1 through 11-11, supplied by t h e  Missouri River 
Dlvis ion  o f  t h e  Corps, summarize changes i n  var ious  p r o p e r t i e s  o f  t h e  River 
t h a t  have occurred i n  r ecen t  years .  f 
. C .  S a l i e n t  Questions Related t o  Physical  His tory  of  t h e  River .  
The foregoing h i s t o r i c a l  summary and ques t ions  r a i s e d  by va r ious  p a r t i c i p a n t s  
i n  t h e  course of t h e  Workshop h igh l igh ted  seve ra l  ques t ions  which bear  d i r -  
e c t l y  on t h e  river-morphology h i s t o r y ,  and which b e s t  can be reso lved  through 
' , 
! :  
I i  
; I  
s t u d i e s  based on a v a i l a b l e  da ta .  Before summarizing s tudy needs and sug- 
i l l  
' 
gested approaches, i n  sec t ion  D ,  below, these  0,uestions w i l l  b e  summarized. 
l 1  
I ! .  1. Behavior related t o  tributary Streams. The behavior  of ! t h e  lower reaches of  streams t h a t  a r e  t r i b u t a r y  t o  a  l a r g e r  
r i v e r  a r e  heav i ly  inf luenced by t h e  s tage-d ischarge  r e l a t i o n  
h- 
of t h e  r e c e i v ~ n g  stream. Degradation of  t h e  p r i n c i p a l  tri- @! k! 
b u t a r i e s  t o  t h e  Missouri River along t h e  Iowa-border reach,  
and presumably i n  o t h e r s  a s  wel l ,  i s  a  se r ious  problem. This  
degradat ion appears t o  be r e l a t e d  i n  some measure t o  channel- 
i z a t i o n  o f  t h e  t r i b u t a r i e s .  However, t h e  r e l a t i v e  cont r ibu-  
t i o n s  o f  channel iza t ion  and of  t h e  Missouri River  degrada- 
t i o n  a r e  unclear  p re sen t ly ,  and need t o  be eva lua ted  before  
r a t i o n a l  p lans  can be developed f o r  t r i b u t a r y  s t a b i l i z a t i o n .  
2 .  Pecul iar i t ies  of t he  Ponca t o  PZattsmouth reach. ~t is along 
t h i s  s t r e t c h  of  t h e  River t h a t  t h e  p resen t  degradat ion  and 
r e l a t e d  problems a r e  most acu te .  H i s t o r i c a l l y  it has exhib i ted  
seve ra l  anomalies inc luding:  
a .  A much broader aZluviaZ plain. This may r e l a t e  t o  t h e  
prevalance o f  Cretaceous sandstone and s h a l e s  in s t ead  of  
t h e  Paleozoicbedrock t h a t  i s  found f a r t h e r  downstream. 
b . Consis tent  and continual larger than norma2 reductions 
i n  channel length. p r i o r  t o  1890, and e s p e c i a l l y  during 
t h e  period 1804-75, t h e  channel was more s inuous and un- 
s t a b l e  along t h i s  reach than along o the r s ,  and extens ive  
n a t u r a l  shor ten ing  (est imated t o  be 20 t o  30 miles)  occurred 
Between 1890 and 1960 t h e  average r a t e  of  shor ten ing  
pe r  u n i t  length  of  t h i s  reach was about t h r e e  times t h a t  
f o r  t h e  reach extending from Plat tsmouth t o  S t .  Louis. 
c .  EffZuence. U.S.G.S. d a t a  i n d i c a t e  a  s i g n i f i c a n t  water  l o s s ,  
a t  l e a s t  a t  low flows, along t h i s  reach.  The only apparent  
explanat ion i s  seepage o f  water from t h e  r i v e r  t o  t h e  
ground-water system. The Missouri River i s  known t o  l o s e  
water t o  a q u i f e r s  underlying i t s  v a l l e y .  
d.  Control fmc t ion .  The abrupt  change i n  t h e  loca l  charac- 
t e r  o f  t h e  t e r r a i n  toge the r  with t h e  water and sediment 
inflows from the  P l a t t e  River appear t o  form something 
of a  "cont ro l  point"  f o r  t h e  River,  which f o r e s t a l l s  t h e  
downstream migration of channel degradation. 
The indiv idual  and combined e f f e c t s  of these  severa l  anomalies confront  
geomorphologists and r i v e r  engineers with several. n e t t l i n g  ques t ions  which 
bear  importantly on the  f u t u r e  planning of t h e  r i v e r .  
D .  Resource Losses. A h i s t o r i c  summary would be incomplete i f  
it d id  not  c i t e  t h e  River resource  l o s s e s  t h a t  have occurred. The t r a d i t i o n a l  
ob jec t ives  f o r  t h e  Missouri River l e d  t o  i n s t a l l a t i o n  o f  major engineering 
s t r u c t u r e s  and adoption of ope ra t iona l  programs which themselves have had 
numerous de t r imenta l  e f f e c t s .  Among these  a r e :  
1. Loss of r e c r e a t i o n  oppor tun i t i e s  along t h e  r i v e r ,  d u e t o  
channel iza t ion  and t h e  a t tendent  increases  i n  v e l o c i t y  and 
los s  of backwater a r e a s .  
2 .  Loss of d i v e r s i t y  of f i s h  and w i l d l i f e  h a b i t a t ,  and a t t e n -  
dent  reduct ion  i n  t h e  q u a n t i t y  and q u a l i t y  of w i l d l i f e  
resources.  
3 .  Loss o f  p u b l i c  lands.  
I t  i s  feared  t h a t  lo s ses  o f  these  types  w i l l  continue and expand t o  t h e  
t r i b u t a r i e s  i f  a  comprehensive and p a r t i c i p a t o r y  management s t r a t e g y  f o r  
t h e  Missouri River is not adopted. 
E .  Study Needs and Poss ib le  Approaches. One of t h e  p r i n c i p a l  
assignments given each Subgroup was t o  develop a  l i s t  of s t u d i e s  needed t o  
e luc ida te  the  recent  and h i s t o r i c a l  r i v e r  behavior and t o  serve a s  a  b a s i s  
f o r  f u t u r e  improved r i v e r  management i n  t h e  context  of t h e  broadened objec- 
t i v e s .  I t  i s  r e a l i z e d  t h a t  some of t h e  recommended s t u d i e s  l i s t e d  below may 
be underway already,  under t h e  aeg i s  of t h e  Corps o r  another  agency, and/or 
may over lap  with those  proposed by o t h e r  Subgroups. Indeed, some of t h e  
s t u d i e s  may have been conducted a l r eady ,  e i t h e r  i n  whole o r  p a r t .  The study 
s u b j e c t s  presented below a r e  in t eg ra ted  i n  Chapter V I  with those  proposed 
by o the r  Subgroups. 
I t  i s  t o  be understood t h a t  a  c r i t i c a l  review and summarization 
o f  t h e  re levant  background l i t e r a t u r e  and d a t a  would be an i n t e g r a l  p a r t  of 
each of t h e  s tud ies  proposed below. 
The studies recommended by Subgroup 1 are as follows: 
1. Produce a geomorphic map of the Missouri River alluvial 
plain from extant maps and aerial photos. (It was pointed 
out by the Corps when these proceedings were in the review 
stage that the Corps has done this for the river reach below 
Gavins Point Dam. Needless to say, before undertaking any 
Di new mapping effort the availability, coverage, detail, and ri 
reliability of existing maps should be determined.) 
., 
2. Examine historical maps of the Missouri River channel, for 
the periods both before and after the installation of man-made 
works, to establish the magnitudes, rates, and causal factors 
of historic channel variations. 
a. The geomorphic map cited in Item 1, above, will show pre- 
historic variations in channel position. These data should 
be analyzed morphometrically. 
b. From the maps the magnitudes and rates of river responses 
to natural and man-made regime modifications should be 
established. 
c. Seek to establish historical variations in the configur- 
ations of ox-bow lakes, and relate the observed changes to 
natural and/or man-caused phenomena, especially those 
occurring in the River. 
3 .  In examining the data obtained from the geomorphical maps, the 
impacts of natural and man-produced changes of the river which 
affected or could have affected land ownership and fish and 
wildlife habitat should be addressed. 
4. Undertake a thoroughgoing analysis of hydrologic (including 
sediment) data, correlated with the river morpllology estab- 
lished from the studies listed in items 1 and 2, above. The 
hydrologic investigation should include climatologic data and 
reviews of past climatic changes over the period included in 
the study. It is recognized that the Corps already has done 
extensive analysis of this type. However, they have not been 
provided with the necessary resources to undertake an extcnslve, 

8. An i n s t i t u t i o n a l  h i s t o r y  of the  agencies a f fec t ing  and 
a f f e c t e d  by t h e  Missouri River should be prepared. I t  i s  
recognized t h a t  t h i s  s tudy would not cont r ibute  t o  an under- 
s tanding of t h e  physical  aspects  of r i v e r  change, b u t  i s  & .  t* 
@ judged t o  be necessary before comprehensive, multi-objec- & 
t i v e  management programs can be formulated and i n i t i a t e d .  
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Figure 11-2. Comparison of mean monthly discharges at Sioux 
City, Iowa before and after advent of flow regulation. 


/=--- Q = 40,000 CFS . . - . . - . . - . . - . . - . . - . . . . - . . - . . - . . - . . - . . - . . - . . - . . - . . - . . - . . - . . . . - . . . . - . . - . . - . . - . . . . - . . - . . - . . - . . - . . - . . - . . - . . - . . - t I 
W 705 '  I I I 1 I I I I J 
0 I 2 3 4 5 6 7 8 9 
Distance f rom l e f t  bank, in hundreds of f e a t  
Figure  11-5. Comparison of t y p i c a l  channel  c r o s s  s e c t i o n s  n e a r  Kansas 
C i t y ,  Missouri b e f o r e  and a f t e r  complet ion of channel  
s t a b i l i z a t i o n  works. 
I / \ Omaha, Neb. A 1 
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Figure 11-6. Stage trends at selected Missouri River gaging stations 
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111. I-IISTORICAL A N D  CURREhT FACTORS CONTRIBUTING 
TO DEGRADATION/AGGRADATIOX IN THE MISSOURI RIVER 
Report o f  Subgroup 2 
A. In t roduct ion .  Degradation o r  aggradation occurs i n  a reach  
o f  an a l l u v i a l  stream when t h e  r a t e  a t  which sediment i s  t r anspor t ed  i n t o  
t h e  reach d i f f e r s  from t h a t  a t  which it i s  c a r r i e d  out of t h e  reach .  When 
t h e  sediment discharge i n t o  t h e  upstream end of t h e  reach exceeds t h a t  from 
t h e  downstream end, aggradation occurs; and when the  sediment-outflow r a t e  
exceeds t h e  inflow discharge ,  degradat ion r e s u l t s .  These sediment- transport  
imbalances can occur when a change occurs i n  t h e  r a t e  a t  which sediment enter 
~ -~ ~~ 
- 
~ ~ 
a reach, o r  when t h e  sediment- transport  c a  
--- ~ ~ - -  
- -  _~ . -  - - -~ ~. . -..~ 
Be- 
cause t h e  sediment discharge depends s t r o n  m- 
balance i n  t h e  r a t e s  of sediment inpu t  t o  and output from a reach  w i l l  appear 
lf t h e r e  is  a change i n  t h e  charac te- r i s t ic  flow v e l o c i t y  i n  t h e  reach.  The 
s t age  f o r  aggradation o r  degradation a l s o  can be s e t  i f  t h e  d ischarge  o f  sedi  
ment i n t o  a reach i s  changed without t h e  occurrence of concomi tan t  changes 
i n  t h e  sediment- transport  capaci ty  of t h e  reach.  Agents which can a f f e c t  the  
r a t e  a t  which sediment i s  supplied t o  a r i v e r  reach, and those  which i n f l u -  
ence t h e  sediment- transport  capaci ty  o f  r i v e r s  a r e  enumerated i n  Sect ions  
B and C,  below. 
B.  Factors  Affect ing Supply o f  Sediment t o  Rivers .  Any of t h e  
following items can have a major impact on t h e  r a t e  a t  which sediment e n t e r s  
a reach  of a r i v e r ,  o r  on t h e  mean concent ra t ion  of t r anspor t ed  sediment i n  
t h e  reach. 
1. Dams. The r e s e r v o i r  formed behind a dam a c t s  a s  a sediment 
t r a p .  Therefore, t h e  water  r e l eased  from t h e  dam i s  p r a c t i -  
c a l l y  sediment-free.  General ly t h e  flow seeks t o  s a t i s f y  
i ts  sediment- transport  capaci ty  by eroding ma te r i a l  from t h e  
channel bed and banks i n  t h e  r i v e r  reach downstream from t h e  
dam. 
2 .  Land-use practices. The sediment t ranspor ted  by an a l l u v i a l  
stream o r i g i n a t e s  from t h e  surrounding upstream o r  adjacent  
watershed. I t  i s  wel l  e s t ab l i shed  t h a t  changes i n  watershed 
treatment  can have s i g n i f i c a n t  e f f e c t s  on t h e  r a t e  a t  which 
sediment reaches a stream channel,  t h e  cha rac te r  o f  t h e  s e d i -  

i n  t h e  v i c i n i t y  of t h e  dredge. Dredged ma te r i a l  t h a t  i s  
dumped i n  overbank a r e a s  can be re turned t o  t h e  r i v e r  by 
storm runoff and/or overbank flows. \'hen dredged m a t e r i a l  
i s  re turned d i r e c t l y  t o  t h e  r i v e r  from a dredge, it can 
produce major l o c a l  imbalances between t h e  l o c a l  sediment 
t r anspor t  r a t e  and t h e  streams t r anspor t  capaci ty .  This  
p r a c t i c e  o f t e n  i s  det r imenta l  t o  aquat ic  l i f e .  
The presence of dams i s  c o ~ s i d e r e d  t o  be t h e  most important of 
t h e  foregoing f a c t o r s . .  The sediment y i e l d s  of t r i b u t a r i e s  and bank erosion 
a r e  judged t o  be next  i n  order  of importance. The remainder have t e r t i a r y  
impact on t h e  r a t e  of sediment supply t o  a  stream. 
C.  Factors  Affect ing t h e  SedLnent-Transport Capacity o f  Rivers.  
In genera l ,  anything which a f f e c t s  t h e  d i s t r i b u t i o n s  of l o c a l  depth and/or 
v e l o c i t y  i n  a  r i v e r  a l s o  w i l l  a f f e c t  t h e  l o c a l  sediment- transport  capaci ty  
pe r  u n i t  width, of a stream and t h e r e f o r e  a l s o  t h e  t o t a l  t r a n s p o r t  capaci ty .  
Some of t h e  p r inc ipa l  agents  iihich d i s t u r b  sediment- transport  capac i ty  a re :  
1.  Training struc?dcws. These genera l ly  a r e  used t o  a d j u s t  t h e  1 
g; 
width and/or length of reaches of r i v e r  chalmels,  and t o  s t a -  f 
b i l i z e  r i v e r  banks. Length a l t e r a t i o n s  inva r i ab ly  a f f e c t  t h e  
i. 
channel s lope ,  and thereby a l s o  t h e  flow v e l o c i t y  and sediment- 
t r a n s p o r t  capaci ty  o f  t h e  flow. Width reduct ions  inc rease  the  
v e l o c i t y  and sediment- transport  capaci ty ,  while  width increases 
have j u s t  t h e  opposi te  e f f e c t s .  Revetments and rock j e t t i e s  
used t o  t r a i n  t h e  r i v e r s  inc rease  t h e  hydraul ic  roughness of 
t h e  banks, increase  t h e  i n t e n s i t y  of flow turbulence ,  increase  
bed roughness, and consequently tend t o  reduce t h e  v e l o c i t y  
and u n i t  sediment discharge i n  t h e  near-bank regions .  
2 .  Flow regulation.  Dams on r i v e r s a r e  genera l ly  operated t o  
r e g u l a t e  t h e  r e l e a s e  flows, i n  such a way t h a t  d ischarge  and 
v e l o c i t y  v a r i a t i o n s  a t  downstream loca t ions  a r e  much smaller  
than they  were n a t u r a l l y .  The reduct ions  i n  t h e  maximum 
v e l o c i t i e s  a l s o  reduce t h e  sediment d ischarge  o f  t h e  stream, 
and u s u a l l y  a l s o  t h e  t o t a l  ( i . e . ,  annual) sediment- transport  
capaci ty  o f  t h e  stream. 
3.  Runoff cycles.  Regardless OF whether t h e  flow i n  a  r i v e r  i s  
*- 8 
";, regula ted  o r  not ,  t h e  flow r a t e s  w i l l  f l u c t u a t e  from season 
j 
t o  season and year  t o  year ,  depending on the  p a t t e r n s  of 8: $~ $ r a i n f a l l  and runoff  f o r  t h e  watershed. These f l u c t u a t i o n s  
4 g w i l l  a l s o  cause v a r i a t i o n s  i n  t h e  r a t e  a t  which sediment i s  I i # 
a 
8. del ivered  t o  t h e  stream, and may promote a l t e r n a t e  aggrada-- )d j 
.a 
s t i o n  and degradat ion .  Ei F' 
I: 4. Change in sZope. The two p r i n c i p a l  f a c t o r s  producing changes v. ! g: 
#{ i n  channel s lope  a r e  r i v e r  shortening (genera l ly  by c u t - o f f s  
*. #, 
f 
of meanders), and aggradation/degradation. The inc rease  i n  
3 
g slope due t o  shortening by cu t -o f f s  apd s t r a igh ten ing  inc reases  
1 6 
-. 
t h e  v e l o c i t y  and sediment-transport capaci ty  o f  the  r i v e r ,  which 
leads  t o  a  reach o f  degradation which genera l ly  propagates up- 
: 
stream a s  a  head c u t .  Downstream from the  steepened reach ,  
:i 
.., 
aggradation genera l ly  is produced. The steepened p o r t i o n  ; -. 
:> 
u l t ima te ly  w i l l  smooth out  a s  t h e  r i v e r  tends t o  r e - e s t a b l i s h  .. 
.., 
',I 
a uniform continuous s lope.  Degradation tends t o  reduce s lope ,  r. 
v e l o c i t y ,  and therefore  a l s o  sediment-discharge capac i ty .  .., 
5. Bed urmoring. Armoring of a  sediment bed occurs xhen degra- 
da t ion  s e l e c t i v e l y  removes f i n e r  bed material', leaving be- 
hind the  coa r se r  p a r t i c l e s  which cannot be t r anspor t ed  by t h e  
flow. Sampling o f  bed m a t e r i a l s  and bed-channel bor ings  usua l ly  
provide i n s i g h t  i n t o  t h i s  phenomenon. 
6. Change in roughness. A s  a  stream degrades and t h e  bed s e d i -  
ment coarsens,  t h e  bed forms usua l ly  change i n  s i z e  and a r ray ,  
and t h e i r  hydraul ic  roughness i s  thereby a l t e r e d .  This  i n  t u r n  
produces changes i n  v e l o c i t y  which a r e  accompanied by sediment- 
t r anspor t  capac i ty  a l t e r a t i o n s .  When a stream bed is f u l l y  a r -  
mored, t h e  bed forms usua l ly  a r e  o b l i t e r a t e d ,  t h e  bed is f l a t ,  
and t h e  roughness i s  a t  o r  nea r  t h e  i r r e d u c i b l e  minimum f o r  t h a t  
bed ma te r i a l .  
7. Artificial temperature rises. Anjj i nc rease  i n  t h e  water  tempera- 
t u r e  r e s u l t i n g  from the  a r t i f i c i a l  add i t ion  of hea t  ( e . g . ,  from 
a once-through cooled power p l a n t )  can a f f e c t  t h e  r i v e r  i n  two 
ways. F i r s t ,  t h e  sediment-discharge capaci ty  f o r  suspended ma- 
t e r i a l  is reduced, due t o  t h e  l a r g e r  f a l l  v e l o c i t y  of t h e  p a r t i -  
!' 
I 
c l e s ,  which tends t o  induce aggradation. Second, t h e  bed 
conf igura t ion  and associa ted  bed hydraulic  roughness can be 
a l t e r e d ,  leading t o  v a r i a t i o n s  i n  thk v e l o c i t y  and associa ted  
changes i n  t h e  sediment-transport capaci ty .  
8. Diversions. Diversion of water from a r i v e r  may reduce t h e  
r i v e r  discharge and produce an imbalance between t h e  sediment 
suppl ied  t o  t h e  reach  and i t s  sediment- transport  capaci ty .  T 
ex ten t  o f  t h i s  e f f e c t  w i l l  depend on how much water  i s  d iver t2  
and t h e . s i z e  and loca t ion  of water and sediment r e t u r n  flows t 
t h e  r i v e r .  
9. Boat traffic. Power boats  and barge tows inc rease  t h e  turbu- 
lence  i n  t h e  r i v e r ,  which increases  t h e  sediment- transport  capa 
c i t y  o f  t h i s  stream and induces an immediate tendency f o r  
t h e  bed t o  degrade and then subsequently aggrade. Waves cre-  @ t; 
a t e d  by boa t s  a l s o  can erode stream banks and cause sediment- f 
t r a n s p o r t  imbalances which promote aggradat ion.  g 1.G 
10.  Ice. Shorefas t  i c e  may a t t a c h  t o  t h e  banks and damage reve t -  
Dents, thereby promoting bank erosion and inc reas ing  t h e  
a b l e  sediment supply during t h e  next  high d ischarge .  I c e  1 
jams may cause surges i n  t h e  r i v e r  d ischarge  and consequently 
a l s o  i n  t h e  sediment discharge.  Ice  problems tend t o  produce 
shor t - te rm per turbat ions ;  t h e  a t t endan t  long-term, cumulative k b w ,  
e f f e c t s  a r e  believed t o  be minor. $ q
Among t h e  foregoing f a c t o r s  which tend t o  a l t e r  t h e  sediment- $ .s 
t r a n s p o r t  capac i ty  of a stream, t r a i n i n g  s t r u c t u r e s  and flow regu la t ion  a r e  
judged t o  be of primary and equal importance. The former tends  t o  a c c e l e r a t e j  @ 
o r  dece le ra t e  degradat ion ,  according a s  t h e  channel i s  widened o r  narrowed. 
The l a t t e r  tends t o  reduce degradation. Flow regu la t ion  i s  expected t o  be of 
g r e a t e r  importance i n  t h e  upper reaches o f  a r i v e r  than  i n  t h e  lower ones. Ar 
moring of t h e  bed may l i m i t  degradat ion i n  reaches downstream from dams. A l l  
o t h e r  f a c t o r s  l i s t e d  above a r e  n o t  n e c e s s a r i l y  unimportant,  b u t  a r e  bel ieved 
t o  have only minor impact on r i v e r  degradation/aggradation. 
D. Study Needs and P o s s i b l e  Approaches.* Subgroup 2 concluded 
t h a t  t h e  following s t u d i e s  a r e  necessary t o  a r r i v e  a t  an understanding of the  
* The two in t roduc to ry  paragraphs of Sect ion 1 1 - E  apply  a l s o  t o  t h e  
da t ions  s e t  f o r t h  here .  
var ious  f a c t o r s  cont r ibut ing  t o  t h e  Missouri River degradation and aggra- 
1. AnaZdsis of existing data. The phys ica l  (and i d e a l l y  a l s o  t h e  
b io log ica l )  d a t a  on the :Missour i  River t h a t  have been obtained 
by t h e  Corps, USGS, and o ther  agencies,  s t a t e  a s  well  a s  
f e d e r a l ,  should be  co l l ec ted ,  placed i n  a uniform and r e a d i l y  
usable  format, coordinated, and analyzed. There i s  an abun- 
dance o f  da ta  a v a i l a b l e  from many sources t h a t  need t o  be  ex- 
amined and analyzed with t h e  o b j e c t i v e  of understanding t h e  
degradation-aggradation process  and t h e  environmental im2acts 
it has produded. Some objec t ives  o f  t h i s  ana lys i s  would I 
,, k'l be: :,. dl  1 
. I .  ! 
a .  Explain t h e  temporal and streamwise v a r i a t i o n s  i n  t h e  ::i ... 1 .
I 
r a t i n g  curves, discussed i n  Chapter 11. Some r a t i n g  .. 1 i :> ; 








cons tant ,  and s t i l l  o t h e r s  show diminishing s t age  t r e n d s .  ,* . 
..I ' 
The causa t ive  physical  f a c t o r s  f o r  these  changes need t o  .I ! .'. ,
i:: I 
be e luc ida ted .  ).. 8 0; 
b. Quantify t h e  bed-elevat ion f l u c t u a t i o n s  which occurred 
under n a t u r a l  condit ions.  There a r e  many sources of d a t a  
t h a t  could be  used t o  r econs t ruc t  r i v e r  sec t ion  p r o f i l e s ,  
thalweg p r o f i l e s ,  and o t h e r  stream-geometry parameters f o r  1 ~ 
t h e  pas t  century .  Examples of d a t a  sources a r e  those  I 
a v a i l a b l e  on o ld  highway and r a i l r o a d  r ive r -b r idge  cros-  
s ings .  The degradat ion being experienced today could be 
merely a cont inuat ion  of a long-term n a t u r a l  t r end .  
2. CoZZection of additionaZ fidd data. The d a t a  a v a i l a b l e  from 
t h e  main stem and i t s  p r i n c i p a l  t r i b u t a r i e s  on v e l o c i t i e s ,  c ross-  
sec t ions ,  bed p r o f i l e s ,  sediment- transport  r a t e s ,  bed-sediment 
composition, overbank-sediment composition, e t c . ,  while exten- 
s i v e , s t i l l  a r e  judged t o  be decidedly inadequate.  The number 
of sampling s t a t i o n s  along t h e  r i v e r  and t h e  frequency o f  moni- 
t o r i n g  needed f o r  t h e  proposed da ta -co l l ec t ion  e f f o r t  would 
vary from reach t o  reach.  Both t h e  s p a t i a l  and temporal f r e -  
quencies of measurements should be g r e a t e r  nea r  confluences,  
during high d ischarges ,  and a t  times and loca t ions  o f  r ap id  
degradation. I t  i s  bel ieved t h a t  t h e  ob jec t ive  of t h i s  
recommendation can be achieved most p r a c t i c a l l y  by i d e n t i -  
fying,  say, t h r e e  t o  f i v e  study reaches along t h e  Iowa border ,  
and mounting in t ens ive  da ta -co l l ec t ion  e f f o r t s  along t h e s e  
reaches. 
3 .  Physical and/or mathematicat vodeZZing. It i s  recommended 
t h a t  t h e  e f f e c t s  of a l t e r a t i o n s  i n  channel width and/or length 
and s lope  on t h e  hydraul ic  and sediment- transport  cha rac te r -  
i s t i c s  o f  t h e  stream be inves t iga ted  by both phys ica l  and numer 
c a l  models. The e x i s t i n g  r i v e r  width was e s t a b l i s h e d  because 
sediment depos i t ion  i n  t h e  channel was reduced a s  t h e  width 
was narrowed by Increments t o  i t s  present  va lue .  The inc re -  
ments during t h i s  process were q u i t e  l a r g e ,  and it well  could b 
t h a t  t h e  optimum width was overshot.  I t  i s  recommended t h a t  t h  
e f f e c t s  of r iver -width  changes be inves t iga ted  f o r  se l ec ted  
c r i t i c a l  reaches of t h e  r i v e r  using both l abora to ry  models and 
numerical models. Another recommended mathematical madellng 
s tudy would involve t h e  e f f e c t s  of changing e x i s t i n g  p a t t e r n s  
of water r e l e a s e s  from Gavins Poin t  D a m .  Depending on t h e  out-  
come of t h e s e  s t u d i e s ,  one o r  more p i l o t  f i e l d  t e s t s  might 
be ind ica ted .  
4 .  Bed borings. Additional d a t a  on t h e  v e r t i c a l  d i s t r i b u t i o n s  of 
bed-sediment composition a r e  needed t o  r evea l  armoring pa t t e rns  
and f o r  t h e  l i g h t  they might shed on h i s t o r i c a l  aggradation/ 
degradat ion.  These d a t a  would be invaluable  i n  reaching con- 
c lus ions  concerning t h e  e l eva t ion  ( i f  any) a t  which t h e  bed 
might become armored and degradation a r r e s t e d .  
5. DeveZopmmt o f  bed-load transport re lat ionships .  The r e -  
l a t i o n s h i p  o f  t h e  bed-sediment d ischarge  t o  r iver - f low v a r i a -  
b l e s ,  including r i v e r  discharge and/or v e l o c i t y ,  needs t o  be  un? 
stood and formulated, i n  order  t o  evalua te  t h e  e x i s t ~ n g  and 
f u t u r e  da ta ,  and t o  apply computer-modeling techniques t o  t h e  
r i v e r .  Empirical r e l a t i o n s h i p s  based on a c t u a l  sediment- 
discharge measurements i n  t h e  Missouri River  a r e  p re fe rab le  t o  
information der ived  from e x i s t i n g  t h e o r e t i c a l  o r  empir ica l  r e -  i I 
l a t i o n s .  The necessary  f i e l d  d a t a  could be forthcoming from 
t h e  study recommended i n  Item 2 ,  above. 
I 
6 .  Develop methods for  preserving, restoring,  and enharzing 
f i s h  and wiZd2ife habi tats  and/or recreation areas. Examples 
of these  a r e  d ike  notching,  pumping of water i n t o  sloughs and 
I 
ox-bow lakes ,  e t c .  The d ikes  i n s t a l l e d  by t h e  Corps have 
performed very  e f f i c i e n t l y ,  i n  a  c e r t a i n  sense,  and t h e  1 I 
a r eas  iqmediately downstream from them now a r e  p r a c t i c a l l y  ! 
g lu t t ed  with sediment and tend t o  be regions o f  very  l i t t l e  1 I 
water movement. Notching of t h e  d ikes  r e s t o r e s  some flow 1 
il 
through t h e  wake a r e a s  of t h e  d ikes ,  and can be expected t o  4- 
,:c 
:,. , 
remove some of t h e  sediment from these  regions .  Addi t ional ly ,  ' : ?  1 
dike  notching diminishes t h e  turbulence i n t e n s i t y  of t h e  flow 1':: / ':> 
1 
around t h e  ends of t h e  dikes,  and tends t o  reduce t h e  s i z e s  , 8 ,  I I 2:: I 
of t h e  scour holes  produced by t h e  d ikes .  The i n v e s t i g a t i o n  .; 1 
: .: i 
..' 
of d ike  notching should be continued, and expanded t o  inc lude  
.I i 
t h e  e f f e c t s  o f  small dredged channeIs i n  t h e  dike-wake a r e a s .  ,,I 8 . I  ! 
I ' 
,I!. I 
Anything t h a t  can be done t o  promote sediment t r a n s p o r t  ou t  , , . -  i 
,.7! 
of and water t r a n s p o r t  through t h e  d ike  f i e l d s  would a c t  t o  
ameliorate  the  degradat ion problem. The r e s u l t s  obtained from 
p i l o t  s t u d i e s  of d i k e  modif icat ion along se l ec ted  s tudy ' r eaches  
I 
should shed cons iderable  l i g h t  on t h e  r o l e s  of t h e  d i k e  f i e l d s  
i n  promoting ag~radationldegradation. 
A l l  o f  t h e  i n v e s t i g a t i o n s  s e t  f o r t h  above a r e  considered t o  be 
of high-level  importance. However, because a l l  items cannot 
be funded o r  conductez a t  once, it i s  recommended t h a t  a n a l y s i s  .- 
., 
' o f  e x i s t i n g  d a t a  be  undertaken f irst ,  s ince  t h e  r e s u l t s  o f  t h i s  i - 
.. . 
3 i nves t iga t ion  could be invaluable  i n  providing guidance f o r  BZ, ..?
i;, 
>. ' 
fu tu re  monitoring work. The f i n a l  determinat ion of a  s e l e c -  .,2: 
.,., a .  . 
t i o n  of a  recommended sequence f o r  conducting t h e  remaining inves-  :* &', 
., 
;t2 
t i g a t i o n  should await  completion of t h e  d a t a  a n a l y s i s .  ,.>, I- 
7. Invest igate  t he  r a t e  a t  which perturbations t o  the  sedimentary $4 ,>I :*; ;* 
regime o f  a stream propagate upstream and domstream, and the  4.3: : ,  
.m2, 
attendant attenuation.  I t  would be invaluable  t o  have e s t i -  k il; 
~. 
mates of t h e  r a t e s  a t  which t h e  channel changes p r e c i p i t a t e d  
by cur ta i lment  o f  the  sediment supply t o  t h e  Missouri River ,  
by c losu re  o f  t h e  dams, i s  moving downstream. This would a i d  
s i g n i f i c a n t l y  i n  a sce r t a in ing  i f  t h e  degradat ion p r e s e n t l y  
being experienced along t h e  Iowa border i s  p r i n c i p a l l y  
t h e  r e s u l t  of t h e  dam c losure .  If t h e  timing of t h e  onse t  
and t h e  ex ten t  of the  degradation t h a t  has been experienced 
a r e  what would have been expected j u s t  from i n t e r r u p t i n g  t h e  
del ivery.  of sediment t o  t h e  t a i l  water of Gavins Poin t  Dam,  
it would be reasonable t o  conclude t h a t  t h e  degradat ion i s  r e -  
s u l t i n g  p r i n c i p a l l y  from t h e  dam c losure .  I t  i s  be l ieved t h a t  
t h i s  aspect  o f  t h e  inves t iga t ion  should proceed a n a l y t i c a l l y ,  
with l abora to ry  and f i e l d  v e r i f i c a t i o n .  
I V .  FUTURE RATE AND EXTENT OF MISSOURI RIVER DEGRADATION/AGGRADATION 
Report of Subgroup 3 
A. In t roduct ion .  An accura te  p red ic t ion  o f  t h e  f u t u r e  r a t e  
and u l t imate  ex ten t  of t h e  degradation and aggradation t h a t  can be  expec- 
t e d  along d i f f e r e n t  reaches of the  Missouri River between Gavins Point  
D a m  and t h e  r i v e r  mouth f o r  d i f f e r e n t  schemes of River development and u t i l i -  
za t ion  would be invaluable  i n  the  planning and evalua t ion  of remedial meas- 
u r e s ,  and in  developing s t r a t e g i e s  f o r  accommodating degradation/aggradation. 
which cannot be con t ro l l ed ,  e i t h e r  because of physical  o r  admin i s t r a t ive  
l i m i t a t i o n s .  Indeed, one o f  the  p r i n c i p a l  u n c e r t a i n t i e s  confronting those  
planning f u t u r e  u t i l i z a t i o n  of one o r  another  aspects  o f  t h e  R ive r ' s  r e -  
sources i s  t h e  unce r t a in ty  surrounding t h e  f u t u r e  course of degradation/aggra- 
da t ion  which can be expected along t h e  River and i t s  t r i b u t a r i e s ,  and i t s  
impl ica t ions  f o r  t h e  whole interconnected system, including a l s o  t h e  a l l u v i a l  
a q u i f e r s ,  ox-bow lakes ,  and backwater a reas .  The r epor t  of t h i s  Subgroup 
t r e a t s  fou r  t o p i c s :  (1) t r end  ana lys i s  ( i .  ex t r apo la t ion  of e x i s t i n g  
d a t a ) ;  ( 2 )  mathematical modelling; (3) da ta  ana lys i s ;  and (4)  problem iden- 
t i f i c a t i o n  and de l inea t ion  of r e l a t e d  research  needs. 
B. Extrapolat ion of Exis t ing  Data. During t h e  quar ter -century  
s i n c e  t h e  c losu re  o f  Gavin's Point Dam, an extensive body of d a t a  has been 
accumulated on t h e  flow and c e r t a i n  o the r  c h a r a c t e r i s t i c s  of t h e  River.  I t  
now would be u s e f u l  t o  re-evalua te  t h e  o r i g i n a l  es t imates ,  made a t  t h e  time 
t h e  dams were being designed and cons t ruc ted ,  of t h e  degradation and o t h e r  
channel responses of t h e  River.  The ana lys i s  of t h e  accumulated d a t a  should 
inc lude  t h e  fol lowing:  
1. Stage-trend anaZysis. 
a .  Stage-trend ana lys i s  has been c a r r i e d  o u t f o r ' m o s t  main- 
stem gaging s t a t i o n s ,  a s  well  a s  f o r  some gaging s t a t i o n s  
on t h e  p r inc ipa l  t r i b u t a r i e s .  The e f f o r t  t o  analyze 
and understand t h e  t r e n d s  i n  t h e  s tage-discharge r e l a t i o n s  
should be continued. Needless t o  say,  t h e  data-acqui-  
s i t i o n  programs needed t o  supply t h e  input  information 
should be continued, and indeed even be  broadened. 
b.  Stage-discharge t r ends  can be produced by changes i n  
channel c ross  sec t ion ,  a l t e r a t i o n s  i n  t h e  cha rac te r  o f  t 
t he  bed m a t e r i a l ,  changes i n  t h e  bed-configuration char-  I 
a c t e r  of t h e  stream, and o ther  f a c t o r s  i n  add i t ion  t o  ag- 
gradat ion o r  degradat ion.  The ana lys i s  o f  t h e  s t age -d i s -  
charge t r e n d s  should be s u f f i c i e n t l y  complete t o  i d e n t i f y  
t h e  causa t ive  f a c t o r s  and t h e i r  r e spec t ive  con t r ibu t ions  
t o  t h e  s h i f t s .  Accordingly, t h e  ana lys i s  should inc lude  
changes i n  channel geometry, bed e l eva t ion ,  channel c ross  
sec t ion ,  depth,  ve loc i ty ,  r i v e r  temperature, sediment d i s -  
charge, e t c .  
c .  In t h e  cases  of ungaged t r i b u t a r i e s ,  o r  t r i b u t a r i e s  i n  
which t h e  gaging s t a t i o n s  a r e  remote from t h e  t r i b u t a r y  
mouth, t h e  following analyses a r e  recommended: 
i. Evaluate e x i s t i n g  cross-sec t ion  da ta ,  thalweg p r o f i l e s ,  
topographic maps, a e r i a l  photographs, e t c ,  f o r  t h e  t r i -  
butary reach t h a t  can be a f fec ted  by main-stem degra- 
da t ion .  In t h e  case of gaged t r i b u t a r i e s ,  t h i s  d a t a  
c o l l e c t i o n  should extend upstream t o  t h e  gaging s t a t i o n .  
ii. E s t a b l i s h  survey cross-sec t ions  which would be  t i e d  t o  
e x i s t i n g  a e r i a l  photographs. 
iii. Obtain add i t iona l  a e r i a l  photography i f  needed t o  com- 
p l e t e  t h e  coverage. 
i v .  I n t e r p r e t  t h e  co l l ec ted  d a t a  t o  a r r i v e  a t  t h e  s tage-  
d ischarge  t r end  f o r  t h e  reach and t o  establish t h e  
p a t t e r n s  of behavior of t h e  channels.  
d. These a c t i v i t i e s  should provide a b a s i s  f o r  evalua t ing  
the  ex ten t s  and r a t e s  of fu tu re  changes (and p a s t  changes 
i f  t h e  a e r i a l  photographs and topographical  d a t a  a r e  suf -  
f i c i e n t l y  d e t a i l e d ) .  The information obtained a l s o  would 
be r equ i red  a s  input t o  t h e  modeling e f f o r t s  d iscussed  
below. 
2 .  Sediment t rends .  
a .  Evaluate t r e n d s  i n  t h e  discharge and t h e  s i z e  of t r a n s -  
ported sedimentary ma te r i a l s :  
i. Temporal t r ends  a t  se l ec ted  s t a t i o n s .  
ii. During f i x e d ,  se l ec ted  time i n t e r v a l s ,  along s e l e -  
c ted  study reaches. 
b. Col lec t  d a t a  on and eva lua te  the  changes i n  bed m a t e r i a l  
s i z e  s ince  c losure  o f  Gavins Pojnt  Dam, and f o r  as many 
e a r l i e r  yea r s  a s  d a t a  permit.  
3 Bank erosion rates  and tz+erds. 
trentls f o r  t h e  uncontrol led r i v e r  reach  above Sioux City.  
tween con t ro l l ed  ones) downstream from Sioux City.  
c.  Es tab l i sh  degree o f  c o r r e l a t i o n  between r a t e  of channel 
change and sediment-transport r a t e  a t  Sioux Ci ty  and 
o ther  nearby gaging s t a t i o n s .  
a .  Review t h e  methods and d a t a  u t i l i z e d  i n  t h e  o r i g i n a l  
degradat ion es t imates ,  made i n  connection with t h e  c losu re  
of Gavins Point  Dam. Prepare a new degradation p red ic -  
t i o n ,  based on improved understanding of r i v e r  mechanics 
t h a t  has been developed i n  t h e  intervening years s ince  
the  c losu re  of Gavins Point  Dam, u t i l i z i n g  p r e s e n t l y  
a v a i l a b l e  da ta .  The newer p red ic t ion  a I s o  could take  
advantage o f  t h e  degradat ion and d a t a  t h a t  have been ac- 
cumulated s ince  c losu re  of Gavins Point Dam. The degra- 
da t ion  c a l c u l a t i o n  should continue downstream t o  t h e  
mouth o f  t h e  P l a t t e  River .  
v e s t i g a t i o n  would be t o  make a determination of whether 
point",  downstream from which no s i g n i f i c a n t  degradat ion 
can be  expected. 
c .  In t h e  course of t h i s  d a t a  ana lys i s ,  t h e  r e l a t i v e  c o n t r i -  
but ions t o  t h e  r iver -bed ma te r i a l  a t  Omaha (and o the r  s t a -  
t i ons )  from degradation and from bank eros ion  i n  t h e  un- 
con t ro l l ed  reach above Sioux Ci ty  should be examined. 
5 .  Rates. The o r i g i n a l  Corps es t imate  was t h a t  approximately 
15 f t  o f  degradat ion would occur i n  t h e  Gavins Point Dam 
t a i l w a t e r .  To d a t e ,  approximately 8 f t  have occurred. Degra- 
da t ion  a t  downstream loca t ions  decreases almost l i n e a r l y  t o  
zero a t  t h e  P l a t t e  River confluence. I t  would be very  u s e f u l  
t o  know i f  t h i s  l i n e a r  d i s t r i b u t i o n  of  degradat ion can be 
expected t o  continue.  It i s  be l ieved  t h a t  t h i s  point  can be 
reso lved  by examining t h e  d a t a  expected and analyzed under 
Item 3,  'above. 
C.  Mathematical Modeling. The improved understanding of r i v e r  
mechanics and t h e  new dimension o f  data-handling c a p a b i l i t i e s  made a v a i l -  
able  by t h e  modern high speed computer have combined t o  make it p r a c t i c a l  
t o  develop computer-based numerical models of many aspec ts  of  r i v e r  behavior 
which here tofore  could not  be ca l cu la t ed .  I t  i s  recommended t h a t  s t e p s  be 
taken t o  develop numerical models of c e r t a i n  a spec t s  of t h e  Missouri River ,  
a s  fol lows:  
1. One-dimensionaZ flow--sediment-transport modsl. 
a .  A computer-based, one-dimensional model of  t h e  water 
and sediment- transport  c h a r a c t e r i s t i c s  of t h e  River be- 
tween Gavins Point Dam and t h e  mouth, including e f f e c t s  
of  t r i b u t a r i e s  on t h e  main stem and inc luding  reaches 
of  t r i b u t a r i e s  extending some d i s t ance  upstream from 
t h e i r  mouths, should be developed. 
i. The Sioux Ci ty  Metro Plan Study p r e s e n t l y  being con- 
ducted by t h e  Omaha D i s t r i c t  of  t h e  Corps w i l l  inc lude ,  
a s  p r e s e n t l y  scoped, app l i ca t ion  of  HEC V I  t o  t h e  140- 
mi l e  long reach between Gavins Point  and B l a i r .  This  
c a l c u l a t i o n  should be extended t o  t h e  River ' s  mouth. 
ii. Considerat ion a l s o  should be given t o  app l i ca t ion  of  
o t h e r  computer-based models f o r  t h e  rout ing  of water  
and sediment flows along r i v e r s .  These models inc lude  
t h e  one- and two-dimensional models developed a t  Colora- 
do S t a t e  Universi ty;  HEC V I  a s  modified by Ted Yang (of 
North Cen t ra l  Division o f  t h e  Corps); and t h e  European 
models, inc luding  those  a v a i l a b l e  a t  De l f t  Hydraulics 

toried and evaluated to determine the adequacy of the 
existing data for the studies which will be required to 
resolve the aggradation/degradation problem and for future 
river planning. The results of this inventory would be in- 
valuable in planning future data-collection efforts. The 
data inventory and evaluation should take the following items 
into consideration: 
a. Frequency of sampling, length of record, and spatial 
coverage. 
b. Continuity of historical records. 
c. Data requirements for application of a one-dimensional 
computer-based model of water and sediment movement in 
the river to investigate the aggradation/degradation prob- 
lem. 
d. The data requirements for planning of possible remedial 
measures, or for estimating the future rate and extent 
of degradation/aggradation, and for developing strategies 
to cope with unavoidable degradation/aggradation. 
e. Data required by ground-water models. 
2. Additional river-bed sampZing. The following additional data 
and data-collection programs are judged to be essential to 
future rational analysis and planning related to the river. 
a. Bed core samples spaced along the main stem of the River 
stream and along reaches extending up the principal tri- 
butaries from the mouths to points where the tributaries 
exhibit a significant hydraulic control or geologic dis- 
continuity. 
b. Bed core sampling should be more intense in the vicinity 
of Gavins Point, near the Platte River mouth, and along the 
intervening reach where degradation has been especially 
severe. 
c. The following question should be considered before col- 
lecting and analyzing the bed-material samples: 
i. Are there any unknown deposits of gravel, or other 
geologic controls, which might upset current or pre- 

t he  comprehensive flow model. 
4. Future Land and water use. Do t h e  s t a t e s ,  counties ,  and 
loca l  groups have s u f f i c i e n t l y  comprehensive desc r ip t ions  
of and p lans  f o r  the  present  and f u t u r e  uses  of the  r i v e r  
so t h a t  t h e i r  concerns can be incorporated i n t o  f u t u r e  
planning? I t  appears doubtful  t h a t  many do. Accordingly, 
a  f o r m  and a two-way information channel should be provided 
by means o f  which a f f e c t e d  groups can p a r t i c i p a t e  i n  t h e  man- 
agement of and planning f o r  t h e  r i v e r .  This would r e q u i r e  
conduct of a  survey i n  order  t o  e s t a b l i s h  p r e c i s e l y  what 
groups do u t i l i z e  t h e  r i v e r  i n  such a way t h a t  t h e i r  a c t i v i -  
t i e s  a r e  being a f fec ted  by aggradation/degradation and o the r  
apects  of t h e  Rivers behavior,  and what e f f e c t s  d i f f e r e n t  
degrees of degradation/aggradation would have on these .  
5 .  Conan;.~..icaziov,. Improved communication and coordinat ion i s  
urged t o  insu re  t h a t  a l l  v a l i d  i n t e r e s t s  w i l l  be represented ,  
and t o  minimize dupl ica t ion  o f  e f f o r t .  This funct ion  could 
be served by an e f f o r t  modeled a f t e r  t h e  GREAT Programs on 
t h e  lslississippi River. 
6. Locai concerns. Spec i f i c  cons idera t ion  should be given t o  t h e  
following ques t ions  which a r e  pr imar i ly  of loca l  concern: 
a .  Local ground water development and pumping, and p c s s i b l e  
impacts o f  withdraw1 on degradation/aggradation. 
b. Ef fec t s  of land drainage on r i v e r  flows and on aggradat ion/  
degradat ion.  
c .  Headcutting, and i t s  e f f e c t s  on t h e  t r i b u t a r i e s .  
d. Fish and w i l d l i f e  h a b i t a t ,  f i s h e r i e s  and wetlands. 
e .  Flood p l a i n  r egu la t ion  and management. 
f .  Recreat ional  uses. 
Problems o f  these  types tend t o  be h ighly  s i t e - s p e c i f i c ,  and 
t o  vary i n  charac ter  and s e v e r i t y  from reach t o  reach  along 
t h e  r i v e r .  A coordinat ing body, such a s  suggested i n  Item 5 ,  
above, would appear t o  be invaluable  a s  a  c l ea r ing  house f o r  
information on these  types of problems; i n  providing an 
agency t o  which a f fec ted  groups and indiv iduals  could come 
t o  seek help; and i n  promoting in t eg ra ted  management of the  
River. 
F.  Concluding Remarks. I n  summary, it was t h e  judgement o f  
Subgroup 3 t h a t  p ro jec t ions  o f  t h e  f u t u r e  r a t e s  and ex ten t s  of degradat ion 
and aggradation on t h e  Missouri River w i l l  have t o  be based p r imar i ly  on 
examination and ext rapola t ion  of e x i s t i n g  da ta  on recent  and h i s t o r i c  t r ends  
i n  t h e  r iver-channel  behavior; and upon mathematical modeling which u t i l i z e s  
t h e  improved understanding of r i v e r  hydraulics  which the  profess ion  has 
achieved i n  recent  years  and t h e  c a p a b i l i t i e s  of modern computing techniques.  
A c a r e f u l l y  planned and a d r o i t l y  executed plan of study i n t e g r a t i n g  these  
two approaches should e s t a b l i s h  d e f i n i t i v e l y  t h e  causes of t h e  observed ag- 
gradat ion/degradat ion on t h e  Missouri River; y i e l d  r e l i a b l e  e s t ima tes  of i t s  
f u t u r e  course; and answer many r e l a t e d ,  important ques t ions .  
V. CONSIDERATION OF CORRECTIVE MEASURES 
Report of  Subgroup 4 
A.  Introduct ion.  A t  p re sen t ,  development and management of 
t h e  Missouri River i s  guided by the  following concurrent,and sometimes 
competing, ob jec t ives :  
1. Navigation. 
2. Bank-erosion c o n t r o l .  
3 .  Land reclamation. 
4 .  Flood cont ro l .  
5. Power generat ion.  
6. Recreation. 
7. Environmental management. 
The f i r s t  f i v e  ob jec t ives  were dominant during t h e  planning and des ign  
s t a g e s  of t h e  channel s t a b i l i z a t i o n  and naviga t ion  p r o j e c t .  The r e l a t i v e l y  
r ecen t  emergence of  r e c r e a t i o n  and environmental management a s  major 
ob jec t ives  is p a r t  o f  an evolut ionary process whereby changing needs give 
r i s e  t o  new ob jec t ives  and s h i f t i n g  p r i o r i t i e s .  Benefi ts  r e s u l t i n g  from 
r i v e r  modif icat ion and management programs undertaken on behal f  of  a  
given s e t  of ob jec t ives ,  u sua l ly  exact a  p r i c e  i n  t h e  form of adverse  impacts 
on o t h e r  purposes served by t h e  r i v e r .  The major b e n e f i t s  which have 
accrued from t h e  Corps' a c t i v i t i e s  on t h e  Missouri River inc lude:  
1. Ef fec t ive  f lood con t ro l .  
2 .  Enhanced naviga t ion .  
3 .  Hydroelectr ic  power genera t ion  a t  upstream s to rage  dams. 
4.  S t a b i l i z a t i o n  of channel t o  minimize i t s  l a t e r a l  movement. 
5 .  Increased area and value o f  farm land. 
6. Increased tax  revenue. 
7.  Reduced c o s t s  i n  t h e  cons t ruc t ion  and maintenance of fiighway 
1-29 and o the r s .  
8. Increased oppor tun i t i e s  f o r  w a t e r s p o r t s  (boat ing,  water  s k i i n g ,  
e t c . )  on t h e  mainstem r e s e r v o i r s .  
Great  b e n e f i t s  t o  indus t ry  have r e s u l t e d  from reduced f looding,  a v a i l a b i l i t y  
of hydroe lec t r i c  power, a t t enua t ion  of  s t a g e  f l u c t u a t i o n s ,  and t h e  general  
ecomonic hea l th  of  t h e  Basin. Adverse impacts which have r e s u l t e d  from t h e  
a c t i v i t i e s  t h a t  led  t o  t h e  foregoing b e n e f i t s  inc lude:  
1. Loss of water a rea  along t h e  main stem (excluding 
r e s e r v o i r  a reas ) .  
2 .  Loss of w i l d l i f e  h a b i t a t .  
3 .  Loss o f  f i s h  h a b i t a t .  
4 .  Local lowering o f  ground-water t a b l e .  
5. Degradation, which may endanger t h e  s t a b i l i t y  and funct ioning 
of in t ake  s t r u c t u r e s ;  expose p ipe l ine  cross ings ;  undermine 
bridge p i e r s ;  e t c .  
6 .  Increased p o t e n t i a l  f o r  water-fowl epidemics. 
7 .  Diminished water q u a l i t y .  
8. Loss o f  backwater a reas  and sloughs. 
9 .  Lowering and s i z e  reduction of ox-bow lakes.  
10. Loss of sovereign lands. 
11. Making x a t e r  spor t s  more hazardous due t o  increased flow v e l o c i t i e s .  
I t  i s  aga ins t  t h i s  background t h a t  Subgroup 4 undertook i t s  de- 
l i b e r a t i o n  of poss ib le  co r rec t ive  measures f o r  t h e  degradat ionlaggradat ion 
phenomenon along t h e  Missouri River from Gavins Point  Dam t o  i t s  mouth, and 
along t h e  p r i n c i p a l  t r i b u t a r i e s  t o  the  Missouri River .  I n  cons ider ing  the  
r i v e r ,  t h e  Subgroup divided t h e  River channel system i n t o  t h r e e  ca tegor i e s ,  
a s  fol lows:  
1.  I+fissouri River upstream of  Omaha ( P l a t t e  River mouth). 
2. Missouri River downstream of Omaha ( P l a t t e  River mouth). 
3.  Tr ibutary  channels.  
In genera l ,  degradation i s  a se r ious  problem upstream from Omaha on t h e  
main stem of t h e  River and on some t r i b u t a r i e s .  Aggradation, a s  gene ra l ly  
defined,  i s  not a se r ious  problem upstream from Omaha, except perhaps very 
l o c a l l y .  Downstream of Omaha degradation is present ing  no s e r i o u s  problem a t  
t h i s  time. As i s  discussed i n  the  preceding chapters ,  it i s  by no means c l e a r  
p resen t ly  why degradation has been confined t o  t h e  r i v e r  reach n o r t h  of Omaha. 
Perhaps sediment supplied t o  t h e  Missouri River by t h e  P l a t t e  River i n h i b i t s  
o r  prevents  degradat ion downstream from t h e  confluence. Over t h e  r i v e r  reach 
from t h e  P l a t t e  River t o  t h e  Missouri River mouth aggradation i s  no t  a se r ious  
problem, although r i v e r  s t ages  have increased  along some reaches.  A s  pointed 
out  i n  Chapter 11, t h i s  could be a consequence of f lood-pla in  development 
and occupancy, cons t ruc t ion  of a g r i c u l t u r a l  levees ,  and/or reduced width of t h e  
over-bank channels.  
B .  S p e c i f i c  Impacts of  - Degradation. Subgroup 4 undertook t o  
examine t h e  impacts of  degradation on each of  t h e  ob jec t ives  l i s t e d  i n  
Sec t ion  V-A above. These were examined i n  cons idera t ion  of t h e  r i v e r  
system a s  it has been and i s  being developed. The r e s u l t s  of t h i s  excer -  
c i s e  were as  fol lows:  
Objec t ive  Impacts of Degradation 
Navigation No se r ious  impact un le s s  degradat ion i n c r e a s e s  t o  
Land u t i l i z a t i o n  
and rec lamat ion  
Water supply 
t h e  ex ten t  t h a t  it undermines revetment and r i v e r -  
t r a i n i n g  works, and endangers o r  r e q u i r e s  ex tens ive  
modif icat ion of bank revetment and loading f a c i l i t i e s .  
Agr icul tura l  land adjacent  t o  t h e  r i v e r  i s  g e n e r a l l y  
increased i n  q u a n t i t y  and q u a l i t y  by dra inage  t h a t  
accompanies degradat ion.  
1. The cos t  of  u t i l i z i n g  ground water may be i n -  
creased by t h e  g r e a t e r  pumping heads and t h e  ne-  
c e s s i t y  t o  r ep lace  shallow wel l s  with deeper ones 
However, t h e r e  should be no adverse impact on t h e  
t o t a l  a v a i l a b l e  ground-water supply. 
2 .  Degradation j u s t  below Gavins Point Dam i n -  
c reases  the  head on t h e  t u r b i n e s ,  and thereby i n -  
c reases  hydropower by product ion.  Note, however, 
t h a t  i f  t h e  degradat ion were t o  exceed about 15 f t ,  
problems could r e s u l t  from inadequate suc t ion  head 
on t h e  tu rb ines .  
3. Exis t ing  water  i n t akes  f o r  municipal and indus- 
t r i a l  uses  may n o t  func t ion  proper ly  (or  a t  a l l )  a t  
lower r i v e r  s t ages .  
4.  Reduced sediment concent ra t ions  i n  t h e  r i v e r  water I 
r e s u l t i n g  p r i n c i p a l l y  from dam c losu re  should have a  
p o s i t i v e  e f f e c t  on water  q u a l i t y .  However, i f  degra- I 
d a t i o n  proceeds t o  t h e  po in t  t h a t  some de t r imen ta l  I 
Recreation Continuing degradation adversely a f f e c t s  access  
t o  t h e  r i v e r .  Channel con t rac t ion ,  which apparent ly  
cont r ibutes  t o  degradation, inc reases  t h e  f l o v  ve lo-  
c i t i e s  and consequently tends t o  inc rease  t h e  hazard 
t o  boat ing and o the r  water spor t s .  
F ish  and Wild l i fe  1. Degradation of the  r i v e r  channel and channel 
cont rac t ion  have adversely a f f e c t e d  f i s h  and wild- 
l i f e  h a b i t a t .  Much vegeta t ion  has been removed from 
channel banks. The bed of t h e  r i v e r  c o n s i s t s  of 
moving sand r\,aves and ba r s  without q u i e t  a r e a s .  This 
tends t o  convert t h e  r i v e r  main channel t o  a sub- 
merged b io log ica l  semi-desert.  
2 .  E f f e c t s  on commercial f i s h i n g  have no t  been 
quan t i f i ed ,  but f i s h i n g  has been adversely a f f e c t e d .  
This impact r equ i re s  f u r t h e r  s tudy t o  e s t a b l i s h  how 
important it is .  
3. Channelization of River and s t a b i l i z a t i o n  of banks 
have reduced s i g n i f i c a n t l y  t h e  a reas  of backwaters 
and sloughs, and thereby have had an adverse e f f e c t  
on f i s h  and w i l d l i f e .  
C. I d e n t i f i c a t i o n  of Poss ib le  Correct ive Measures. In order  t o  
d e f i n e  poss ib le  co r rec t ive  measures t o  degradation/aggradation, some concept 
of t h e  r a t e s  and u l t ima te  ex ten t s  of t h e  processes i s  e s s e n t i a l  ( see  Chapter 
IV). For example, i f  degradation were t o  progress t o  t h e  poin t  t h a t  it under- 
mined and caused f a i l u r e  of e x i s t i n g  bank-protection works, t h e  consequences 
would be very  severe,  and very  expensive, extensive preventa t ive  measures 
would become necessary.  On t h e  o the r  hand, i f  t h e  r i v e r  bed has s t a b i l i z e d  
and degradat ion has ceased at approximately i ts  cur ren t  l e v e l ,  no major prob- 
lems a r e  foreseen ,  except perhaps f o r  w i l d l i f e  h a b i t a t s .  I n  t h e  absence of 
gu ide l ines  f o r  t he  projec ted  r a t e  and u l t ima te  extent  o f  channel scouring,  
Subgroup 4 s t a r t e d  by considering t h e  following c o r r e c t i v e  measur.es f o r  con t ro l  
of degradation/aggradation: 
1. Possible control measures fordegradation.  
a .  Removal o f  increments of bank-protect ion works, t o  widen 
t h e  channel,  reduce t h e  v e l o c i t y ,  and thereby diminish t h e  
sediment-transport r a t e  o f  the  stream. 
b. I n s t a l l a t i o n  of channel bed-control s t r u c t u r e s  o r  s i l l s ,  
t o  s t a b i l i z e  t h e  s lope  of t h e  r i v e r  and f i x  i t s  e leva-  
t i o n  a t  con t ro l  po in t s .  
. ..- 
c .  Introduce coarse  sedimentary ma te r i a l  i n t o  t h e  r i v e r ,  
t o  armor t h e  bed. 
d. Construction of locks and dams. 
e .  Modification o f  t h e  outflow schedules from t h e  dams. 
f .  Diversion of sediment-laden flow around t h e  dams. 
g. Construction of s i d e  channels.  
h.  Construction and opera t ion  of t r i b u t a r y  con t ro l s  ( t o  
s t a b i l i z e  t h e  t r i b u t a r y  p r o f i l e s .  
2 .  PossibZe controi! measuxes for aggradation. A s  noted above, 
aggradation of t h e  bed o f  t h e  Missouri River i s  present ing  
no major problem, except perhaps very l o c a l l y ,  upstream from 
Omaha. However, l o c a l  depos i t ion  i n  t h e  d ike  f i e l d s ,  i n  low 
and wet lands ,  and i n  lakes  adjacent  t o  the  River i s  posing 
p r o b l e ~ s t h a t s h o u l d  be con t ro l l ed .  Poss ib le  remedial o r  cor-  
r e c t i v e  measures inc lude:  
a .  Notching of d ikes .  
b. Dredging a t  s t r a t e g i c a l  loca t ions .  
c .  U t i l i z a t i o n  of t r i b u t a r y  con t ro l s .  
d.  Modification of r e se rvo i r - r e l ease  schedules. 
e .  Opening of o l d  ox-bow lakes .  
3 .  Corrective measures for tr ibutary  streams. Degradation/Aggra- 
da t ion  problems along t r i b u t a r i e s  must be considered i n  two 
groups. 
a .  Those af fec ted  by degradat ion/aggradat ion i n  t h e  Missouri 
River. T r ibu ta ry  degradat ion which i s  being produced by 
degradat ion o f  t h e  Missouri River channel bes t  can be 
a r r e s t e d  by c o n t r o l  s t r u c t u r e s  placed i n  t h e  t r i b u t a r i e s  
j u s t  upstream from t h e i r  mouths, t o  s top  degradat ion and 
a r r e s t  headcut t ing .  Note t h a t  t r i b u t a r y  degradat ion poses 
many se r ious  problems, including increased sediment supply 
t o  downstream reaches of t h e  t r i b u t a r y  and t o  the  rece iv ing  
r i v e r ;  l oca l  lowering of ground-water t a b l e s ;  changes i n  
t h e  loca l  drainage p a t t e r n  and s h i f t s  i n  t h e  t r i b u t a r y  
channel; and erosion of land and des t ruc t ion  of improve- 
ments c l o s e  t o  t h e  channels.  Each t r i b u t a r y  stream should 
be analyzed sepa ra te ly  t o  determine what remedial measure(s) 
should be adopted t o  con t ro l  i t s  degradation (or  aggradat ion) .  
Tr ibutary  channel cont ro l  may a l s o  r e q u i r e  i n s t a l l a t i o n  
of bank-protection works. 
b .  Tr ibutary  reaches unaffec ted  by Missouri River degradat ion/  
aggradat ion,  Degradation and aggradation occurr ing along 
t r i b u t a r y  reaches s u f f i c i e n t l y  f a r  from t h e  Missouri River 
t h a t  they  a r e  unaffected by t h e  bed and water-surface 
e l eva t ions  i n  t h e  Missouri River r equ i re  ind iv idua l  exami- 
na t ion  and treatment .  In general ,  remedial measures 
which a r e  e f f e c t i v e  i n  con t ro l l ing  main-stem degradat ion/  
aggradation a l s o  can be expected t o  prove e f f e c t i v e  when 
applied t o  t r i b u t s r i e s .  
..,. 
pora te  broader objec t ives  i n t o  present  and long range r i v e r  development 
planning and management, it i s  beIieved t h a t  new l e g i s l a t i o n  should be sought 
which would include more s p e c i f i c  au thor i za t ion  t o  consider  t h e  maximum u t i l i -  
za t ion  of t h e  water resources of t h e  Basin. In p a r t i c u l a r ,  au thor i za t ion  
i s  needed t o  consider impacts of r i v e r  development on f i s h ,  w i l d l i f e ,  water 
q u a l i t y ,  r ec rea t ion ,  br idge  and p i p e l i n e  cross ings ,  e t c .  Enactment of t h e  
necessary l e g i s l a t i o n ,  provision of t h e  funding necessary t o  ca r ry  out the  
r e l a t e d  s tud ies  and designs and t o  cons t ruc t  t h e  necessary works, and adopt 
the  requi red  programs which would enable t h e  Corps and o the r  respons ib le  
agencies t o  make optimal use  of t h i s  mul t i - face ted  resource  would r e q u i r e  t h e  
j o i n t  e f f o r t s  of t h e  Missouri River Basin s t a t e s ,  as well  a s  many o the r  concerns. 
The GREAT p r o j e c t s  on t h e  Miss iss ippi  River comes immediately t o  mind a s  
poss ib le  models. 
E .  Major Const ra in ts  t o  More Comprehensive River-Basin Develop- 
ment. Many imposed c o n s t r a i n t s  p resen t ly  i n h i b i t  adequa 
-
o b j e c t i v e s  which should f i g u r e  prominently i n  t h e  continuing development 
o f  t h e  River. One of t hese  i s  t h e  l imi t ed  scope of  t h e  l e g i s l a t i v e  a c t s  t h a t  
a u t h o r i z e  r i v e r  development; t h i s  i s  discussed i n  t h e  preceeding s e c t i o n .  In 
a d d i t i o n ,  t h e r e  a r e  both b e n e f i t s  obtained from and c o n s t r a i n t s  imposed by 
se rv ing  s p e c i f i c  i n t e r e s t s .  For example, fu r the r ing  t h e  o b j e c t i v e s  o f  navi -  
g a t i o n ,  energy product ion,  and land reclamation genera l ly  has  been achieved 
by methods t h a t  have had, and continue t o  have, ser ious  adverse impacts on 
f i s h  and w i l d l i f e  h a b i t a t s ,  r e c r e a t i o n a l  use  of t h e  Missouri River,  and t h e  
genera l  r i v e r  environment. Conversely, some programs undertaken i n  t h e  pur- 
s u i t  o f  one aim have had decidedly b e n e f i c i a l  e f f e c t s  on o t h e r  a c t i v i t i e s .  An 
example of t h i s  has been t h e  development and p ro tec t ion  of  r i p a r i a n  a g r i c u l -  
t u r a l  lands r e s u l t i n g  from s t a b i l i z a t i o n  and improvement o f  t h e  r i v e r  channel 
f o r  naviga t ion  purposes. The po in t  i s  t h a t  optimum u t i l i z a t i o n  of  a  mul t i -  
f ace t ed  water resources,  l i k e  t h e  Missouri River, r equ i r e s  t r a d e o f f s .  A very  
broad view should be taken when considering r i v e r  development, i n  o r d e r  t o  
make c e r t a i n  t h a t  a l l  r e l evan t  i s s u e s  have been i d e n t i f i e d  and considered 
p r i o r  t o  adoption of  f i n a l  o b j e c t i v e s  and de l inea t ion  of  scopes of  work. 
F .  Recommendations f o r  Analysis of Degradation/Aggradation 
Impacts and Study of  Poss ib le  Correc t ive  Measures. Throughout t h e  i r e c e d i n g  
s e c t i o n s  of t h i s  Chapter, some themes 7,ere r e c u r r e n t :  F i r s t ,  it i s  n o t  r eas -  
onable t o  undertake t o  recommend s p e c i f i c  co r rec t ive  measures when t h e  scope 
and r ami f i ca t ions  of  t h e  degradat ion/aggradat ion problem a r e  not  f u l l y  docum- 
ented o r  even understood, and no prognosis  has been made f o r  f u t u r e  r a t e  and 
ex ten t .  Second, t h e  ever broadening ob jec t ives  of  r i v e r  management w i l l  r e -  I 
q u i r e  more extensive p a r t i c i p a t i o n  from a f f e c t e d  agencies i n  t h e  planning and 
decision-making procedures, and modified l e g i s l a t i v e  framework under which 
t h e  Corps w i l l  pursue i r s  ob jec t ives .  
The recommendations framed by Subgroup 4 a r e  a s  fo l lows:  
1. Data bank. A very  extens ive  d a t a  base, of  gene ra l ly  high q u a l i t y ,  
on t h e  i~ l i ssour i  River a l r eady  e x i s t s  i n  Corps' f i l e s  and i n  t h e  
records  of o the r  s t a t e  and f e d e r a l  agencies.  However, t h e s e  d a t a  a re  
not ava i l ab le  i n  a  form i n  which they  can be used r e a d i l y .  Accordingly 
a major recommendation of Subgroup 4 i s  t h e  development o f  a  common 
d a t a  s to rage  and r e t r i e v a l  system f o r  j o i n t  I 
use by the  Missouri River Basin s t a t e s  and o thers .  The d a t a  
base should inc lude  information on t h e  hydrologic (water and 
q u a l i t y  parameters; b io log ica l  d a t a ;  and water use. Es tab l i sh -  
ment of such a da ta  base would s i g n i f i c a n t l y  improve t h e  
e f f i c i ency  with which degradat iodaggradat ion  and r e l a t e d  
problems can be  analyzed. 
2. Ma3hernaticaZ rnodeZs should be inves t iga ted ,  and t h e  b e s t  a v a i l -  
ab le  one f o r  simultaneously rou t ing  t h e  water  and sediment 
discharges through t h e  Missouri River should be adopted and 
then adapted a s  necessary f o r  app l i ca t ion  t o  the  Pfissouri  
River system from Gavins Point Dam t o  t h e  River mouth. This 
model could be designed so t h a t  both t h e  su r face  and ground 
water flows could be j o i n t l y  considered, and eventual ly  
broadened t o  include water -qual i ty  parameters as  we l l .  
Furthermore, t h e  model should be capable o f  rout ing  sediments 
by s i z e  f r a c t i o n ,  .so t h a t  it could be used t o  i n v e s t i g a t e  de- 
In due course,  t h e  model should be extended t o  inc lude  w a t e r -  
q u a l i t y  parameters,  economic d a t a ,  and d a t a  r e l a t e d  t o  conser- 
va t ion  and w i l d l i f e  i n t e r e s t s .  I t  i s  bel ieved t h a t  a computer 
model of t h i s  type would prove t o  be an extremely pob!erful t o o l .  
For example, i f  it were a v a i l a b l e  now it l i k e l y  could r e so lve  
t h e  quest ion t h a t  was addressed by Subgroup 3 ,  concerning t h e  
fu tu re  r a t e  and extent  of degrada t iodaggrada t ion  i n  t h e  Miss- 
our i  River. The model should be t r e a t e d  a s  a dynamic t o o l ,  
and subjected t o  continuing refinement,  development, and up- 
da t ing  f o r  continuing use  by t h e  Corps, t h e  Missouri River 
Basin Commission, t h e  Missouri River r i p a r i a n  s t a t e s ,  and o t h e r  
agencies. I t  i s  bel ieved t h a t  t h e  a v a i l a b l e  methodologies 
now a r e  a t  hand t o  commence development of such a model, and 
recommended t h a t  cons idera t ion  be given t o  i n i t i a t i n g  t h i s  
t a sk  as  soon a s  poss ib le .  
3. Studies of possible corrective measures. In Sect ion  V-C, 
many poss ib le  remedial and c o r r e c t i v e  measures f o r  t h e  degra- 
hold t h e  most promise, and it i s  recommended t h a t  e a r l y  a t -  
t e n t i o n  be given t o  labora tory ,  f i e l d ,  and/or computer models, 
o f  them, a s  appropr ia te .  
a .  Scheduling o f  r e s e r v o i r  r e l e a s e s  t o  minimize degradat ion 
and aggradat ion of  t h e  main channel,  subjec t  t o  c o n s t r a i n t s  
imposed by o t h e r  uses.  
b .  Widening of t h e  channel and/or increas ing  i t s  s i n u o s i t y ,  
t o  reduce degradat ion upstream from Omaha. 
c .  I n s t a l l a t i o n  of  low s i l l s  across  t h e  r i v e r ,  t o  s t a b i l i z e  
t h e  thalweg a t  t h e  des i r ed  p r o f i l e .  Here it should be kept 
i n  mind t h a t  t h e  s i l ls  would have t o  be spaced q u i t e  c l o s e l y  
toge the r ,  i n  order  t o  be e f f e c t i v e .  
d .  Inves t iga t ion  of  means o f  improving f i s h  and w i l d l i f e  habi-  
t a t s ,  inc luding  development of  s i d e  channels which would 
serve  a s  nu r se ry  areas  and a t t r a c t i v e  h a b i t a t  f o r  w i l d l i f e ;  
development of off-channel lakes  and wet lands;  r e s t o r a -  
t i o n  o f  ox-bow lakes  by pumping o r  o ther  means; d ike  
notching; e t c .  In  s m n a r y ,  e a r l y  a t t e n t i o n  should be  
given t o  measures which will r e s t o r e  and/or improve t h e  
h a b i t a t s  e s s e n t i a l  t o  a  heal thy,  balanced and vigorous 
w i l d l i f e  popula t ion .  
e .  blebns should be inves t iga ted  t o  bypass sediment around 
t h e  Gavins Point  Dam, o r  t o  r o u t e  i t  through t h e  r e s e r v o i r  
t o  t h e  o u t l e t  works. No s p e c i f i c  measures f o r  accomplishing 
t h i s  were a r r i v e d  a t  by t h i s  Subgroup; but  t h i s  approach 
is judged t o  be a  worthy one f o r  f u t u r e  brainstorming.  
The d i f f e r e n t  s t u d i e s  l i s t e d  above would r e q u i r e  d i f f e r e n t  approaches. 
Some of them c l e a r l y  would make use  of a n a l y t i c a l  techniques ,  and be pursued 
using high speed computers. Others  would e n t a i l  l abora tory  model s t u d i e s  
which would be followed by p i l o t  f i e l d  s t u d i e s .  In t h e  s t u d i e s  of poss ib l e  
c o r r e c t i v e  measures, requirementsfor  e s t ab l i shed  o b j e c t i v e s  and uses  (e .g. ,  
p reserva t ion  of  t h e  9-foot  naviga t ion  channel,  and cont inuat ion  of t h e  flood- 
cont ro l  opera t ing  r u l e s  f o r  t h e  upstream s to rage  r e s e r v o i r s )  should be included 
a s  design cons t r a in t s .  
V I  . SUMbIARIES OF CONCLUSIONS AND RECOhDENDATIONS 
A. Summary o f  Conclusions. The p r inc ipa l  conclusions r e s u l t i n g  
from the  Workshop, and t h e  background f o r  them, may be summarized a s  
fol lows : 
1. I t  i s  well  known t h a t  c h a r a c t e r i s t i c s  of t h e  Missouri River 
along p r a c t i c a l l y  i t s  whole length have been r a d i c a l l y  a l -  
t e r e d  by t h e  extensive f low-regulat ion and channel s t a b i l i z a -  
t i o n  s t r u c t u r e s  i n s t a l l e d  s ince  about 1930 and operated so  
a s  t o  f u r t h e r  one o r  another  of t h e  t r a d i t i o n a l  ob jec t ives  
of r i v e r  management. 
2 .  I t  i s  l e s s  well  known t h a t  the  Missouri River =,in i t s  
n a t u r a l  s t a t e  p r i o r  t o  1930, and continues t o  be even a f t e r  
i n s t a l l a t i o n  o f  t h e  many regu la t ion  and s t a b i l i z a t i o n  measures, 
a  cons tant ly  changing, dynamic system which responds in  com- 
p lex  ways t o  both n a t u r a l  and man-induced changes i n  i ts  inputs  
(water and sediment discharges)  and boundaries.  
3 .  The flow-regulation and channe l - s t ab i l i za t ion  programs o f  t h e  
Corps of Engineers have been remarkably successfu l  i n  achieving 
t h e i r  o r i g i n a l  ob jec t ives :  development and maintenance of a  
navigat ion  channel; f lood con t ro l ;  bank-erosion c o n t r o l ;  
land reclamation; and hydroe lec t r i c  power generat ion a t  t h e  
l a r g e  s to rage  dams. 
4 .  Adoption of newer river-managenlent ob jec t ives  which have evolved 
i n  recent  years  could impose s i g n i f i c a n t  changes on r i v e r  opera- 
t i o n ,  which may not be compatable with, and i n  many ins tances  
might d i r e c t l y  c o n f l i c t  with, t h e  e s t ab l i shed  r i v e r - t r a i n i n g  
p r a c t i c e s  t h a t  were designed t o  serve  t h e  t r a d i t i o n a l  r i v e r -  
management objec t ives  enumerated above. The newer ob jec t ives  
a r e  r e l a t e d  mainly t o  environmental management, and include 
promotion of h a b i t a t s  f o r  f i s h  and w i l d l i f e ;  water -qual i ty  en- 
hancement; and provis ion  of increased  oppor tun i t i e s  f o r  r ec rea -  
t i o n a l  use  of t h e  r i v e r .  The f low-regulat ion and channel- 
s t a b i l i z a t i o n  opera t ions  c a r r i e d  out  by t h e  Corps c l e a r l y  have 
fu r the red  some aspects  of t h e  newer ob jec t ives  ( e .g . ,  by e l imi -  
have impacted unfavorably upon o t h e r s .  
5. Since about 1960 t h e r e  has been progressive degradat ion 
(lowering o f  e leva t ion)  of  t h e  channel bed and water s u r f a c e  
along t h e  Missouri River reach extending downstream from 
Gavins Point  Dam, near  Yankton, South Dakota, t o  about t h e  
confluence of  t h e  P l a t t e  and Missouri Rivers,  some 25 m i l e s  
south of  Omaha, Nebraska. The t o t a l  depths of  degradat ion 
have been about 8 f t  j u s t  downstream from Gavins Point Dam;  
roughly 6 f t  i n  t h e  v i c i n i t y  of  Sioux City,  Iowa; and p rac -  
t i c a l l y  zero from Omaha t o  t h e  mouth of  t h e  P l a t t e  River .  During 
t h e  same per iod ,  along t h e  r i v e r  reach from t h e  Pla t te -Missour i  
confluence downstream t o  t h e  mouth of  t h e  Missouri River 
t h e r e  has been comparatively minor aggradat ion along some 
reaches and s l i g h t  degradat ion i n  o the r s .  The impacts o f  
t h e  degradat ion along t h e  upper reach of  t h e  r i v e r  a r e  many 
and v a r i e d ,  and p r a c t i c a l l y  a l l  of them a r e  unfavorable.  They 
include lowering of  t h e  water-surface e l eva t ion  i n  and r e -  
duct ion o f  t h e  a r e a s  of backwater a r e a s  and ox-bow l akes ;  
problems i n  withdrawing r i v e r  water through f ixed  i n t a k e  
s t r u c t u r e s ;  endangering t h e  foundations of  s t r u c t u r e s  supported 
on t h e  r i v e r  beds; and s h i f t s  i n  proper ty  boundaries.  
6.  There a r e  many con t r ibu t ing  f a c t o r s ,  both man-made and n a t u r a l ,  
t o  t h e  degradat ion  t h a t  has occurred between Gavins Point  Dan1 
and Omaha. In  summary, t h e  degradat ion i s  t h e  r e s u l t  of  t h e  
sediment- transport  capac i ty  of  t h e  r i v e r  along t h e  degrading 
reach exceeding t h e  supply o f  sediment t o  t h e  r i v e r  from t h e  
main-stem r e s e r v o i r s  (which a c t  a s  l a r g e  sediment t r a p s )  and 
t h e  t r i b u t a r y  streams. The aggradation and degradat ion along 
t h e  s h o r t  r i v e r  reaches downstream from Omaha a r e  be l ieved  t o  
o r i g i n a t e  from loca l i zed  causes;  i . e . ,  l o c a l  imbalances be- 
tween sediment supply, due t o  l o c a l  geo log ica l  f a c t o r s ,  f lood-  
p l a i n  development, i s o l a t e d  changes i n  channel sediment- trans-  
p o r t  c h a r a c t e r i s t i c s  caused by f lood-control  d i k e s ,  e t c .  One of 
t h e  most n e t t l i n g  problems, and one on which ti le Workshop 
p a r t i c i p a n t s  could not  reach  unanimous accord,  concerns how 
much of  t h e  degradat ion/aggradat ion i s  due t o  r i v e r  r egu la t ion  
and t r a i n i n g  works and how much i s  a  r e s u l t  o f  n a t u r a l  I 
processes and changes i n  t h e  watershed ( e .g . ,  long-term / 
c l ima t i c  v a r i a t i o n s ;  e f f e c t s  of  a g r i c u l t u r e  on watershed 
sediment y i e l d s ;  s t o c h a s t i c  v a r i a t i o n s  due t o  t h e  n a t u r e  
o f  flow i n  e rod ib le  bed channels ) .  
7 .  Rel iable ,  q u a n t i t a t i v e  e s t ima tes  of  t h e  f u t u r e  r a t e  and ex- 
t e n t  of  long-term degradat ion and aggradation would be  i n -  
valuable t o  river-management planning. The development o f  I ! 
measures t o  con t ro l  t h e  degradat ion/aggradat ion along any reach 
o f  the  r i v e r  must cons ider  t h e  whole r i v e r  system and t ake  
co-gnizance of t h e  impacts of  t h e  measures on upstream and doim- i I
stream reaches,  and on a l l  of theriver-management  o b j e c t i v e s  - 1 
both t h e  t r a d i t i o n a l  and newer ones. * I  
I ; 8 .  The present  l e v e l s  of understanding of  r i v e r  mechanics and of  ! 
the  environmental and economic impacts of measures which might 
be adopted t o  con t ro l  degradat ion/aggradat ion a r e  not  adequate 
t o  permit r e l i a b l e ,  comprehensive planning of  t h e  type  out -  I 
l ined  i n  item 7, above. Consequently, optimum f u t u r e  manage- , s 
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ment of  t h e  Missouri River,  inc luding  con t ro l  of degradat ion 
,, , 
and aggradat ion,  can be expected only i f  a  coordinated,  corn- P ; 
prehensive,  i n t eg ra t ed  p lan  of r e sea rch ,  development, and man- ! 
~ 
agement i s  undertaken. I t  appears t h a t  achievement of t h e  r e -  
quired i n t e g r a t i o n  of e f f o r t s  and of  ob jec t ives  w i l l  r e q u i r e  .I 
I 
a coordina t ing  mechanism, perhaps modeled a f t e r  t h e  GREAT ! I 
programs on t h e  Miss iss ippi  River,  which would provide f o r  i n -  
puts  t o  t h e  decision-making process from a l l  a f f e c t e d  concerns. 
B. Summary of  Recommended Inves t iga t ions .  The following l i s t  
of  recommended i n v e s t i g a t i o n s  was ex t r ac t ed  from t h e  four  Subgroup r e p o r t s  
presented i n  Chapters 11 through V.  Several  o f  t h e  inves t iga t ions  were r e c -  
ommended by two o r  more of t h e  Subgroups. I t  i s  recognized t h a t  some of t h e  
s t u d i e s  included i n  t h e  fol lowing l i s t  may a l r eady  be i n  progress  o r  planned 
f o r  under t h e  aegis  of t h e  Corps o r  another  agency. I t  a l s o  i s  recognized 
t h a t  t h e  s tudy plan l i k e l y  i s  d e f i c i e n t  i n  some r e s p e c t s ,  e s p e c i a l l y  those  
r e l a t i n g  t o  l e g a l  and economic aspec ts .  
The recommended i n v e s t i g a t i o n s  a r e  grouped i n  chronological  phases, 
each of which should fol low upon completion of  t h e  precceding one. The I 
Subgroups d id  not  undertake t o  develop a  d e t a i l e d  scope of work f o r ,  n o r  I 
t o  i d e n t i f y  t h e  organiza t ion(8)  which should support and/or c a r r y  out  t h e  
s t u d i e s .  
1. Phase I  s t u d i e s .  Phase I would cons i s t  pr imar i ly  of  assem- 
b l i n g  t h e  r e l evan t  background information and d a t a  i n  a  r e a d i l y  
access ib l e  and usable  form, eva lua t ing  t h e  a p p l i c a b i l i t y  of 
t h e  a v a i l a b l e  a n a l y t i c a l  t o o l s  f o r  p red ic t ion  of  r i v e r  behavior ,  
and preparing d e t a i l e d  scopes o f  work f o r  t h e  s t u d i e s  of  Phases 
I 1  and 111. S p e c i f i c  s t u d i e s  recommended f o r  Phase I a r e  a s  
fo1101~s: 
a .  Preparation of  data bank. The a v a i l a b l e  d a t a  on t h e  
blissouri River should be c o l l e c t e d ,  t r a n s l a t e d  i n t o  s t a n -  
dardized formats ,  and placed i n  computer s to rage .  The f o r -  
mat should be such t h a t  i n t e r e s t e d  u s e r s  could gain access  I 
t o  one o r  another  blocks of  d a t a  with minimal d i f f i c u l t y .  
Maintenance o f  t h e  d a t a  banks should be a  continuing e f -  
f o r t ,  with new da ta  placed i n  t h e  b a n b a s  they  become 
ava i l ab le .  The da ta  bank should include hydrologic d a t a ,  
sediment- transport  d a t a ,  channel c h a r a c t e r i s t i c s ,  c l i -  
matological d a t a ,  water -qual i ty  parameters,  and phys ica l  
d a t a  on cons t ruc ted  works. Consideration a l s o  should be 
given t o  inc lus ion  i n  t h e  d a t a  bank of b io log ica l  informa- 
t i o n .  
b. Geontorphic map. Preparat ion of  a  geomorphic map of  t h e  
Missouri River a l l u v i a l  p l a i n  from e x i s t i n g  maps and a i r -  
photos would y i e l d  a  t o o l  t h a t  could prove invaluable  i n  
recons t ruc t ing  t h e  phys ica l  h i s t o r y  of  t h e  r i v e r .  This  h i s -  
t o r y  would be a  very u s e f u l  guide i n  prognos t ica t ion  and 
i n t e r p r e t a t i o n  o f  f u t u r e  r iver -behavior  t r ends .  
C .  MathematicaZ modezs. Available mathematical models f o r  i 
rout ing  water  and sediment flows along r i v e r  channels should 
be evaluated c r i t i c a l l y ,  and a  dec is ion  made concerning 
whether any o f  them i s  sufficiently versatile and r e l i a b l e  
f o r  a p p l i c a t i o n  t o  t h e  Missouri River ,  o r  whether t h e r e  i s  
a  need t o  develop a  new mathematical model which t akes  i n t o  
account t h e  p e c u l i a r i t i e s  of t h e  Missouri River.  The model 
adopted o r  developed should have t h e  p o t e n t i a l  t o  be i n t e r -  
faced with a  computer-based ground-water model of t h e  R ive r ' s  
va l l ey .  Because mathematical modeling of  r i v e r s  s t i l l  i s  
i n  i t s  infancy, a  cons iderable  amount of circumspection 
and judgement must be used i n  t h e  se l ec t ion  of a  mathema- 
t i c a l  model. I t  i s  suggested t h a t  t h i s  e f f o r t  might proceed 
under t h e  d i r e c t i o n  and wi th  t h e  counsel of a  board of out-  
s i d e  consul tan ts  many of  whom a r e  recognized a u t h o r i t i e s  
on r i v e r  mechanics and/or computer modeling. 
d.  Development o f  plans of  study. Much of t h e  success o f  
any complex i n v e s t i g a t i o n  depends on ca re fu l  forethought  
and planning. Accordingly it i s  recommended t h a t  Phase I 
include an e f f o r t  t o  develop p lans  of  s tudy f o r :  
i .  An inves t iga t ion  of t h e  Yankton-to-Ponca reach,  which 
should be r e t a i n e d  i n  an uns t ab i l i zed  s t a t e  t o  se rve  a s  
a  benchmark,or r e fe rence  reach f o r  comparison wi th  o t h e r  
r i v e r  reaches .  
ii. Demonstration p r o j e c t s  along se l ec t ed  reaches of  s t a b i l i -  
zed r i v e r ,  t o  t e s t  methods f o r  simultaneously r e t a r d i n g  
degradat ion and enhancing b i o l o g i c a l  product iv i ty /habi -  
t a t  ( e .g . ,  by increas ing  width, r e -e s t ab l i sh ing  secon- 
dary channels ,  d ike  notching,  re -vegeta t ion ,  i nc reas ing  
r i v e r  s inuos i ty ,  e t c . ) .  Study p lans  f o r  t h e  demonstra- 
t i o n  should inc lude  t h e  following phases: computer 
and/or labora tory  i n v e s t i g a t i o n ;  s e l e c t i o n  of  r i v e r  
reaches f o r  p i l o t  s t u d i e s ;  and f i e l d p i l o t  s t u d i e s .  In t h e s e  
and subsequent s t u d i e s  of  p o s s i b l e  c o r r e c t i v e  measures, 
requirements f o r  e s t ab l i shed  ob jec t ives  and uses  ( e . g . ,  
p reserva t ion  of t h e  %foot  naviga t ion  channel,  and contin-  
ua t ion  of  f lood-cont ro l  opera t ing  r u l e s )  should be  included 
as  design c o n s t r a i n t s .  Non-technical (economic, l e g a l ,  
r e c r e a t i o n a l ,  e t c . )  a spec t s  of  t h e  r i v e r  modif ica t ion  
should f i g u r e  prominently i n  t h e  study p lans .  
. . . 
111. iln expanded, comprehensive da ta -co l l ec t ion  e f f o r t  along 
t h e  f u l l  length o f  t h e  r i v e r  below Gavins Poin t ,  with 
emphasis on r ap id ly  degrading reaches.  
i v .  P i l o t p r o j e c t s  t o  promote recovery of  ox-bow l akes .  
2 .  Phase I1 s t u d i e s :  The s t u d i e s  included i n  Phase I 1  would be 
con t inua t ions  of ,and would bu i ld  upon those  of Phase I .  The 
s p e c i f i c  recommendations a r e  a s  fol lows:  
a .  Geomorphic in terpretat ion.  Conduct a comparative s tudy  of 
t h e  maps, including t h e  geomorphic map, included i n  Phase 
I ,  f o r  t h e  period before i n s t a l l a t i o n  of  t h e  flow-regula- 
t i o n  and channe l - s t ab i l i za t ion  works, and f o r  subsequent 
per iods .  This  i n v e s t i g a t i o n  should a i d  i n  determining how 
much of t h e  r iver-channel  change i s  "natural" ,  and how much 
i s  a  consequence of man-made works. 
b. !@athematical modeling. Apply t h e  mathematical model f o r t h -  
coming. from Phase I t o  t h e  Missouri River.  High p r i o r i t y  
ques t ions  t o  be addressed t o  t h e  model inc lude:  
i. The e f f e c t  on t h e  downstream degradation/aggrada- 
t i o n  of curtai lment  of t h e  sediment supply t o  t h e  
r i v e r  by t h e  main-stem r e s e r v o i r s .  
ii. E f f e c t s  of  f low-release schedules on degradation/aggra- 
da t ion ,  and t h e  p o t e n t i a l  f o r  reducing degradat ion/  
aggradat ion by modif ica t ion  of  f low-re lease  schedules  , 
subjec t  t o  t h e  cons. t raints  impos,ed by f lood-cont ro l  r e -  
quirements. 
iii. Ef fec t s  of Missouri River s t a g e s  on ground-water t a b l e ,  
and thereby on ox-bow l ake  l e v e l s .  
i v .  E f f e c t s  of a r t i f i c i a l  channel shor ten ing  on t h e  channel 
behavior ,  with p a r t i c u l a r  emphasis on aggradation/degra- 
da t ion  . 
v. The t ime-scale  of Missouri River channel adjustments.  
The aues t ion  of p a r t i c u l a r  i n t e r e s t  he re  i s  t h e  r a t e  a t  
which channel changes r e s u l t i n g  from cur ta i lment  of t h e  
sediment supply a t  Gavins Point Dam propagate downstream. 
c .  Control reach studies.  Continued inves t iga t ion  and use  of  
t h e  Yankton-to-Ponca con t ro l  reach ,  t o  obta in  bench-mark 
da ta  on uns t ab i l i zed  r i v e r  reaches .  
d.  Channel widening study. Conduct of  mathematical and/or  
l abora to ry  s t u d i e s  of e f f e c t  o f  channel widening on degra- 
da t ion/aggradat ion .  These s t u d i e s  should be concentrated i n  
s e l e c t e d  reaches where degradat ion has been p a r t i c u l a r l y  
severe .  
e. Channel sinuosity study. Conduct of mathematical and/or 
l abora to ry  s t u d i e s  t o  explore e f f e c t s  of  changes i n  
channel s inuos i ty  ( i . e . ,  l ength  and slope)  on degradat ion/  
aggradat ion.  The p a r t i c u l a r  quest ion t o  be addressed he re  
i s  whether permi t t ing  t h e  r i v e r  t o  recover  more o f  i t s  
n a t u r a l  s inuos i ty  would r e l i e v e  t h e  degradation problem. 
f .  Bed-material sampling. Conduct of an extensive bed-core 
sampling program, t o  obta in  d a t a  on r i v e r  sediments t o  
determine t h e  p o t e n t i a l  f o r  s e l f - l i m i t i n g  of t h e  degra- 
da t ion  by bed armoring. 
g. In s t i t u t i ona l  h is tory .  Compile an i n s t i t u t i o n a l  h i s t o r y  
of  t h e  r i v e r  t o  f a c i l i t a t e  implementation of a  comprehen- 
s i v e  mul t i -objec t ive  management program i n  which a l l  
a f f ec t ed  concerns would have a  voice.  
h .  Analysis of  ex i s t ing  data. Analyze t h e  hydrologic and 
sediment- transport  da t a  included i n  t h e  d a t a  bank and com- 
pare  changes in t h e  s tage-d ischarge  r a t i n g  curves and 
channel c h a r a c t e r i s t i c s  which !lave occurred i n  t h e  s t a b i -  
l i z e d  reaches and along reaches without t r a i n i n g  works and/ 
o r  major f low-regulat ion e f f e c t s  ( i f  such reaches  e x i s t ) ;  
changes occurr ing before and a f t e r  flow r e g u l a t i o n ;  ,and 
changes t h a t  have occurred along va r ious  River reaches .  
I n t e r p r e t a t i o n  should be guided by r e s u l t s  of mathematical 
modeling and geomorphic i n t e r p r e t a t i o n .  The o b j e c t i v e  would 
be t o  obta in  another  p r e d i c t i o n  of t h e  f u t u r e  r a t e  and 
extent  of bed-aggradation. 
i .  Data coZZection. I n i t i a t e  and continue i n t e n s i f i e d  da ta-  
c o l l e c t i o n  e f f o r t  on flow and sediment- transport  cha rac te r -  
i s t i c s  of  t h e  River.  
3 .  Phase I11 s t u d i e s .  These would be i n  many re spec t s  t h e  
culmination o f  t h e  i n v e s t i g a t i o n .  
a .  River p i l o t  studies.  Conduct p i l o t  s t u d i e s  of  t h e  e f f e c t s  
of channel modif icat ions,  inc luding  channel widening, i n -  
creased channel s i n u o s i t y ,  d ike  notching,  backwater channels ,  
e t c .  
b. Oz-bow Lake pilot studies. Conduct of p i l o t  s t u d i e s  of 
measures t o  a s s i s t  recovery of ox-bow lakes .  
c .  Prognosis for aggradation/degradation. On t h e  b a s i s  
of h i s t o r i c a l ,  mathematical, and labora tory  inves t iga -  
t i o n s ,  reach conclusions concerning fu tu re  r a t e  and ex- 
t e n t  of degradation/aggradation, and s e l e c t  measures f o r  
con t ro l l ing  it or accomodating i t s  unavoidable consequences. 
Poss ib le  remedial measures a r e  l i s t e d  i n  Chapter V .  Against 
t h e  background of t h e  information co l l ec ted  i n  Phases I 
and 11, make a judgement concerning the  p r a c t i c a l i t y  and 
l ike l ihood o f  success of each of these  and o the r  p o s s i b l e  
measures. 
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APPENDIX A 
MISSOURI. RIVER DEGRADATION/AGGRADATION WORKSHOP 
January 23-25, 1978, Omaha,Nebraska 
Sponsored by: Iowa conservation Commission (ICC) 
Organized by: Institute of Hydraulic Research, 
The University of Iowa (IIHR) 
Location: Office of the Omaha District, 
Corps of Engineers 
6014 U.S.P.O. & Courthouse 
A G E N D A  
Monday, January 23 
Morning Session (Room 2404) 
8:30-9:00 Welcome by col. Ray, District Engineer. Review 
of background and objectives of workshop by Gerald 5'. 
Schnepf (ICC) and John F. Kennedy (IIHR) . 
9:00-10:li Background and history of Missouri River Degra- 
dation/Aggradation, presented by Alfred S. Harrison, 
Missouri River Division, and Howard Christian, Omaha 
District, Corps of Engineers. 
10:15-10:30 Coffee break. 
10:30-11:45 Continue presentation of background and history. 
Question and answer period. 
Afternoon Session (Room 2404) 
1:30-5:00 Brief presentations describing problems caused by 
river degradation and/or aggradation. Chaired by W.W. Sayre 
(IIHR) . 
1. Slide presentation. Jack Robinson, Missouri 
Department of Conservation. 
2. Concerns related to conservation. Gerald F. 
Schnepf, Iowa Conservation Commission. 
3. Scour at bridges and other river structures. 
Mark Looschen, Iowa Department of Transportation. 
4. Problems at riverside electrical power stations. 
John Rexwinkel, Iowa Public Service Company. 
5. Channel maintenance for flood control and navi- 
gation. Alfred S .  Harrison, Corps of Engineers, 
Missouri River Division. 
6. Problems r e l a t i n g  t o  aggradation i n  Missouri.  
Robert L. Dunkeson, Missouri Department of Natural  
Resources. 
7. Concerns r e l a t e d  t o  water resources management. 
Menvin D. Dougal, Iowa Natural Resources Council. 
8.  Environmental impacts of r i v e r  degradation and 
aggradation. Walter Robohn, Environmental Protec-  
t i o n  Agency, ~ e g i o n  V I I .  
9. Concerns of t h e  Missouri River Basin Commission. 
Alan S. Bersch MRBC. 
3:15-3:30 Coffee break 
Open d iscuss ion ,  chai red  by W.W.  Sayre ( I I H R ) .  
h iening  Session ( f o r  working p a r t i c i p a n t s ,  a t  Imperial 400 Motel, 
2211 Douglas, a t  8:00 p.m.) 
1. Summary by J.F. Kennedy ( I I H R )  of day ' s  proceedings and how 
they r e l a t e  t o  workshop objec t ives .  Charge t o  working par-  
t i c i p a n t s .  
2 .  General d iscuss ion  and brainstorming. 
3. Assignments t o  and organiza t ion  of working subgroups. 
subgroup 
a. Backqroud and h i s t o r y  
b.  Causat ive mechanisms 
c.. Future  r a t e  and ex ten t  
d. Correc t ive  measures 
Chairman 
G.R.  Hallberg ( I G S )  
V.A. Vanoni (Caltech)  
C.F. Nordin (USGS) 
D.B. Simons (CSU) 
Tuesday, January 24 
Morning Session (Room 2404) 
8:30-10:15 Panel d iscuss ion  on subgroup t o p i c s  a , b , c , d ,  above, 
p a r t i c i p a t e d  i n  by subgroup chairmen, and moderated by J.F. 
Kennedy (IIHR) . 
10:15-10:30 Coffee break 
10:30-11:45 Open d iscuss ion ,  chaired by J .F.  Kennedy 
Afternoon Session 
1:30-5:00 Working subgroups meet sepa ra te ly  t o  develop rec-  
onmendatiors f o r  p lans  of study t o  i d e n t i f y  causes and 
i n v e s t i g a t e  poss ib le  c o r r e c t i v e  measures. 
Subgroup a Room 7403 
Subgroup b Room 6018B 
Subgroup c Room 5402 
Subgroup d Room 4410 
Room 2404 available for observers not joining working subgroups 
who wish to conduct ad hoc meetings. 
~vening Session (for working participants at Imperial 400 Motel, 2211 
Douglas, at 8:00 p.m.) 
1. Oral progress reports from subgroup chairmen to total 
working group. 
2. Feedback from total working group to individual subgroups. 
3. Regroup into subgroups and work on reports. 
Wednesday, January 25 (b%orning) 
8:OO-10:OO Subgroups complete report drafts. 
Subgroup a Room 7403 
Subgroup b Room 6018B 
Subgroup c Room 5406 
Subgroup d Room 4410 
Room 2404 available for ad hoc meetings. 
10:00-10:15 Coffee break. 
10:15-12:00 (Working participants and observers gather in 
Room 2404) 
1. Oral presentations of reports and recommendations 
by subgroup chairmen. Chaired by W.W. Sayre (IIHR). 
2. Final discussion and summarization by J.F. 
Kennedy (IIHR) . 
APPENDIX B 
LIST OF PARTICIPAIYTS 
SUBGROUP 1: BACKGROLND AND IiISTORY OF DEGRADATION AND AGGRADATION IN 
TIfE MISSOURI R I V E R  
Chairman: D r .  George R .  Hallberg 
Iowa Geological Survey 
D.A. Becker 
Missouri River Basin Commission 
D . R .  Cos ter  
U.S. F i sh  & Wildl i fe  Serv ice  
R .  Doming 
Iowa Conservation Commission 
J . C .  Kirk 
South Dakota Department of 
Game, Fish 6 Parks 
R.A.  Lohnes 
Iowa S t a t e  Universi ty 
J .  Mayhew 
Iowa Conservation Commission 
G . E .  Schnepf 
Iowa Conservation Commission 
Resource Person from Corps of Engi- 
nee r s  : 
H . E .  Chr i s t i an  
Omaha D i s t r i c t  
SUBGROUP 2 :  HISTORICAL AND CURRENT FACTORS CONTRIBITTING TO DEGRADATION/ 
A(TGR4DATION IN THE f,IISSOURI R I V E R  
Chairman: D r .  Vito A.  Vanoni I .  Wi i ta la  
C a l i f o r n i a  I n s t i t u t e  of Technology U.S. Geologicai Survey 
M . K .  Bansal C.T. Yang 
Nebraska Natural  Resource Commission Corps of  Engineers,  North Cent ra l  
Division 
T.L. Berkley 
Towa Conservation Commission Resource Persons from Corps of Engi- 
neers  : 
J . D .  Riessen T . J .  Bogler 
Iowa Natural  Resources Council Omaha D i s t r i c t  
R.F. McAllister G .  Sturm Omaha D i s t r i c t  Sioux Land I n t e r s t a t e  Metropolitan 
Planning Council 
SUBGROUP 3 :  FUTURE RATE AND EXTENT OF MISSOURI RIVER DEGRADATION/ 
AGGRADATION 
Chairman: D r .  Car l  F. Nordin T.H. Yorke 
U.S. Geological Survey U.S. Fish & Wildl i fe  Serv ice  
A .  Raldwin Resource Persons from Corps of  Engineers 
U.S. Fish & Wild l i f e  Serv ice  W.J. Mellema 
Missouri River Division 
J . R .  Boudreaux 
U.S. Fish 6 Wild l i f e  Serv ice  W. Dorough 
Omaha D i s t r i c t  
D . E .  Brazelton D .  McDonald Iowa Conservation Commission Omaha D i s t r i c t  
A.S. Hersch 
EIissouri River Basin Commission 
b1. F . Looschen 
Iowa Department of Transportat ion 
M.A. Tesar 
Omaha Publ ic  Power D i s t r i c t  
S.W. Wii ta la  
U.S. Geological Survey 
SUBGROUP 4 :  CONSIDERATION OF CORRECTIVE MEASURES 
Chairman: D r .  Daryl B .  Simons 3 .  H a l l  
Engineering Research Center Iowa Department of  Transpor ta t ion  
Colorado S t a t e  Univers i ty  
J . A .  Henderson 
M.C. Ackelson Kansas Water Resources Board 
Iowa Conservation Commission 
J..'I. Johnson 
W.C.  Brabham U.S. F ish  & Wild l i f e  Serv ice  
Iowa Conservation Commission 
J .  Kennedy 
B . L. Burnham Iowa Department of  Transpor ta t ion  
U.S. Environmental P ro tec t ion  Agency 
K .  McCartney 
M . D .  Dougal South Dakota Dept. of  Natural  Resources 
Iowa Natural Resources Commission Development 
R .  L .  Dunkeson W.F. Robohn 
Missouri Department of  Natural  U.S. Environmental P ro tec t ion  Agency 
Resources 
J.W. Robinson 
Missouri Department of Conservation 
A . J .  Sohn 
Iowa Conservation Commission 
N.P.  Stucks 
Nebraska Game & Parks 
D. E . Sutherland 
U.S. F i s h  & Wild l i f e  Serv ice  
Resource Persons from Corps of Engineers: 
K .  hlurnan 
Omaha D i s t r i c t  
A.S. Harrison 
Missouri River Division 
GEKERkL 1VORKSHOP PARTICIPANTS 
G .  G .  Bachman 
Omaha Public  Power D i s t r i c t  
D .  Bonneau 
Iowa Conservation Commission 
T.C. Bruegger 
Monona County Conservation Board 
N.  Heiser  
Iowa Conservation Commission 
J .  Rexwinkel 
Iowa Publ ic  Serv ice  Company 
B .  Stebbings 
U.S. Fish & Wild l i f e  Serv ice  
C .  Stevens 
Nebraska Department of  Water 
Resources 
J .  Stokes 
Iowa Conservation Commission 
D .  14'hiteley 
Nebraska Game and Parks 
D .  Williamson 
Nebraska Natural  Resources Commission 
Resource Person from Corps of 
Engineers : 
J.M. Horne, Omaha D i s t r i c t  
WORKSHOP CO-CHAIRMEN: 
John F .  Kennedy William W .  Sayre 
Iowa I n s t i t u t e  of Hydraulic Research Iowa I n s t i t u t e  of  Hydraul ic  Research 
